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Preface 

In the preparation of this third edition of Pork Production, the 
author has been guided, as he has in the past, by the wish to present 
information and suggestions which will be of practical help to the 
hogman and student. To bring this information up to date, as nearly 
as this is possible, has involved the review of an ever-increasing 
volume of experimental data. These studies, extending over 15 years, 
have brought to light many significant new facts and ideas, not only 
in the field of nutrition, but also in the realms of breeding, marketing, 
sanitation, and disease control. He expresses the hope that his efforts 
in the organization, selection, and presentation of this new material 
will be of value to the student of pork production and of service to 
the practical feeder and breeder. 

In its preparation the author has been the recipient of much help 
and many courtesies for which he wishes to express grateful acknowl- 
edgment. To Dr. W. M. Beeson of Purdue University, who read 
several chapters and made critical suggestions and who was constantly 
consulted on questions of nutrition, he feels particularly indebted. 
He wishes to express his appreciation to Dr. J. A. Hoefer of Michigan 
State College for his many helpful suggestions. He is indebted to Dean 
E. C. Young of Purdue University for his critical reading of the 
chapter on prices; to Professor M. Paul Mitchell for much informa- 
tion on markets; to Dr. Fred N. Andrews for suggestions and infor- 
mation on reproductive physiology, and to members of the depart- 
ment of Agricultural Economics, Purdue University, for much statisti- 
cal and other information. Grateful acknowledgment is made to the 
Bureau of Agricultural Economics, the OQjce of Foreign Agricultural 
Relations, and the Bureau of AnimalUndustry of the U.S. Department 
of Agriculture for their courtesy in supplying graphs and much sta- 
tistical data. Special acknowledgment is made to Professor F. B. Mor- 
rison of Cornell University for permitting extensive use of the feed 
composition tables in “Feeds and Feeding.” And, finally, the author 
wishes to express his appreciation and thanks to the many friends 
who collaborated by supplying unpublished data and photographs. 

The author is happy to have been able to secure Dr. L. M. Hutch- 
ings to write the chapter “Sanitation and Disease Control.” 

II'. ir. SMITH 
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I General View 


The important position which the hog occupies on the American 
farm is attested by the fact that 24 percent of the world’s number is 
produced in the United States (see Fig. 1). 

Swine are produced in largest numbers in those countries which 
have a relatively dense population. The leading pork-producing areas 
outside the United States are Central Europe, China, and Brazil. The 
United States, Denmark, Canada, the Netherlands, and Poland nor- 
mally are the principal surplus-producing nations, while Great Britain, 
Germany, France, and Belgium are the principal deficit countries. Up 
until very recent years, imports of pork products by England exceeded 
those of all other European countries combined. Pork production in 
Soviet Russia in the years from 1946 to 1948 was less than one- 
third of what it was immediately before World War II (1936-1940). 
During the same time Germany’s production declined by one-half, and 
in France by one-fourth; United States production during the same 
period increased by 16 percent.* However, substantial increases in 
number have occurred in most of the European countries and in Soviet 
Russia since 1948. 

Although this country still produces a surplus of pork and lard, ex- 
ports to European countries have steadily declined since 1920, except 
those required for war and to meet postwar commitments. This decline 
has not been due to any lack of capacity to produce on the part of the 
American farmer, but rather to disturbed trade relations and the im- 
poverishing effects resulting from two world wars. 

DISTRtBimON OF SWINE IN THE UNITED STATr.S 

The production of swine in the United Stales is closely linked with 
the acreage of maize or Indian com. Although hogs arc raised in all 
the states, 70 percent is produced in the Corn Belt.- More than .SO per- 

* RcRinali! G. Uaitvswonh, A Crophie Summary o/ li’or/J AuncuSsttrr. USD A. 
Mite. Pub. No. 705, 1949, 

* U^fitock and .\feor Siliianon. Purrau Apr. Fc., U.S D.A., I..NJS-46. Dec. 1950. 
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cent of the commercial pork supply is grown in this area. The state of 
Iowa alone produced 20 percent of the entire nation’s production dur- 
ing the period 1946 to 1950. The distribution by areas during this 
5-year period was as follows : West North Central states, 42.8 percent; 
East North Central, 29.6 percent; South Central, 13.8 percent; South 
Atlantic, 8.7 percent; Western, 3.1 percent; and North Atlantic states, 
2.0 percent. 

Swine production in these different districts has remained relatively 
constant except for the Western area. Here, despite the tremendous 
population growth on the West Coast, the number of hogs produced in 
1948 and 1949 (number on farms, Jan. 1) represented a decline of 
more than 20 percent compared with the 10-year average production 
from 1938 to 1947.^ This increased demand in the Far West, with 
reduced production, has resulted in a marked increase in the number 
of hogs shipped to West Coast markets in recent years, and conse- 
quently to an improvement in hog prices in Omaha, Sioux City, Kansas 
City, and St. Joseph, as related to the prices paid in Chicago. In New 
England and other Eastern states, population growth continues to out- 
run pork production. In the Com Belt, there is about one hog pro- 
duced for each individual, whereas in New England and the Mid- 
Atlantic states the ratio is one hog to 16 members of the population. 

From 40 to 45 percent of the com grown in the United States is 
marketed as pork. The greatness of this cereal as a farm crop is in 
large measure the result of its extensive use as a hog feed. Growing 
corn and producing pork have been combined to make the farmers in 
the upper Mississippi valley the wealthiest agricultural people on the 
globe. Hogs contribute a large share to the total farm income. In Iowa, 
the value of the hogs sold and home-consumed in 1948 and 1949 
represented 38 percent of the total cash income; for Indiana, the figure 
was 31 percent; and for Illinois, it was 23 per cent. For the entire na- 
tion, proceeds from the sale of hogs represented 1316 percent of the 
total gross agricultural income. 

FACTORS favoraulf, to pork productiov 

The imporuant position which the hog occupies on the American 
farm has been gained through his inherent ability to render a profit 
above the costs of production. These profits arc due to certain advan- 
tages which the hog enjoys as a producer of human food and to the 
popularity* of pork in the American diet. In the following panigraphs 
most of these advantages arc separately* enumerated. 

* .^ericufftjral Su.'itrtcj, U.S D A.. I9-J9. 
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Fig. 3. Com; production in the United Slates and selected regions, 1919- 
1948 (U.S.D.A., Bureau Agr. Economics). 

1. The demand for pork is wide and insistent. Excepting dairy 
products, no animal food is so necessary in the diet or so universally 
used. In this country more pork is eaten than any other meat. Pork and 
lard supply between 15 to 16 percent of the total food calories con- 
sumed in the United States. Forty percent of the fat contained in the 
diet is derived from pork and its products. The average per capita con- 
sumption of the different meats and lard is shown in Table 1. There is 
no evidence in these figures of a declining trend in meat consumption. 
So long as people are prosperous they will continue to buy this high- 
priced high-value food. 


Table 1. TIjc Annual Per Capita Consumption of Meat and Lard in U.S. by 
Five-year Periods, 1915 to 1949'* 



1915- 

1919 

1920- 

1924 

1925- 

1929 

1930- 

1934 

1935- 

1939 

1940- 

1944 

1945- 

1949 


lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

Ib. 

Beef 

61.5 

58.1 

54.1 

51.6 

55.2 

56.8 

63.1 

Veal 

6.9 

7.9 

7.3 

7.2 

8.1 

8.7 

10.7 

Mutton and lamb 

5.3 

5.4 

5.4 

6.8 

6.8 

6.7 

5.7 

Pork 

63.4 

67.9 

67.4 

67.8 

56.1 

72.4 

69.5 

Total meat 

137.1 

139.5 

134.3 

133.4 

126.2 

144.7 

148.4 

Lard 

11.5 

13.2 

12.8 

13.6 

1 1.O 

14.0 

12.9 


* L.i\fstocy Sfarket AVhj. nu. Agr. Ec., VJ.S D.A., Staus. Dul. No 91. 1950 
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2. Hogs sell at relatively high prices. Pigs can be sold at weights 
ranging from 175 to 300 pounds with little sacrifice in price. The 
feeder, therefore, is comparatively free to take advantage of a good 
market by selling early or of feeding to heavier weights when the pros- 
pects for a better market are good. In the case of yearling and older 
steers, and lambs particularly, the feeder is restricted to a much nar- 
rower range of time and weight in marketing. The market value of old 
sows which have done service in the breeding herd is higher than it is 
for cows or ewes. Although sows are subject to a dock of 20 to 40 
pounds, frequently they sell for more after finishing a long career in 
the breeding herd than they had cost at the beginning. 

3. Pork is produced economically. No other meat-producing ani- 
mal on the farm produces human food as economically as the pig, de- 
spite the fact that concentrated foods necessarily make up the major 
part of his ration. The initial cost of the pig at birth is much less than 
it is for the calf or lamb, and the cost of the subsequent weight gains 
is in favor of the pig. The figures below represent the approximate 
average amount of feed that is required to produce 100 pounds of gain 
during the market-finishing period of steers, lambs, and pigs. 

730.poun(l fattening steer .... 650 pounds grain -p 450 pounds legume hay 
65-pound fattening iamb .... 400 pounds grain q- 500 pounds legume hay 
150-pound fattening pig 425 pounds grain 

When to this is added the pig’s ability to convert rapidly into pork 
such refuse as kitchen garbage, the undigested corn in the droppings 
of cattle, damaged grain, and dairy by-products, his elTiciency is further 
emphasized. 

4. Pork production supplements cfiicicnlly the other types of live- 
stock farming in the Com Celt. Hogs arc essential to successful beef 
production. 1 he pork produced from the grain that has passed through 
the cattle is dear gain and one of the most important profit-determin- 
ing factors in cattle feeding. For even' bushel of corn, fed sheilctl or 
on the car to steers, the hogs following will produce from one to two 
pounds of pork; when the grain is fed cnickcd or as meal, front a 
quarter- to a half-pound svill be produced. Beef cattle arc roughage 
con'unicrs. white the pig requires concentrates. Beef production and 
pork production on the same farm do not involve serious ialtor com- 
petition. D.iiry farming cannot l>c conducted along the most clficicnt 
and ptoniaWe lines ssiihout a .suflicicnt mmilicr of hogs to utilize the 
sVitn milk, huttcTtiub., or sshey which may l>e as'atl.'ihic for feediti.e- 
ansi the undientcd grain in the drvtppings of the cows. It is doubtful 
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whether any type of fanning can as easily be made to satisfy all the 
tenets of good farm management as a well-conducted dairy which 
depends on its output of cream or butter and pork for its principal 
revenue. 

5. It does not require much time or money to get a start in the hog 
business. The large number of pigs produced in each litter, the rela- 
tively short gestation period, their capacity for quick growth, the possi- 
bility of raising two litters a year, and the rapidity with which the gilts 
attain breeding age contribute to this result. The initial investment in 
starting a herd of hogs is less than for other classes of livestock, the 
turnover is quicker, and the opportunity for selection and improve- 
ment in a given time is consequently much greater. 

6. Pork can be more successfully cured and stored than other meats. 
At the present time 60 percent or more of the hog carcass is converted 
by the various. processes of curing into nearly nonperishable forms. 
Packers are thus enabled to carry over to seasons of short supply the 
accumulation of periods of excessive or heavy receipts. As a conse- 
quence of this, the heavy market receipts which normally occur during 
the winter do not have the demoralizing effect on prices that they 
would be sure to exert if, like beef and mutton, the pork carcass had 
to reach the consumer within a period of a few weeks. 

7. The necessary equipment for the successful handling of a herd 
of hogs is neither extensive nor expensive. This is particularly true 
when early pigs are not attempted. Suitable shelters must be provided 
for early-farrowing sows, but they need not be of a kind which would 
mean a burdensome overhead expense. Hogs are more susceptible to 
extreme heat than any other farm animal, but the cost of appropriate 
shades is little more than the time required to erect them. 

8. The labor cost of producing pork is low when volume produc- 
tion is combined with good farm organization, suitable fencing, and 
adequate watering facilities. With the wider use of the self-feeder for 
pigs intended for an early market, the substitution of dry for slop feed- 
ing, and the more general appreciation and use of forage crops for all 
classes of hogs, labor costs may be materially reduced. 

LIMITATIONS AND HANTJICAPS TO PORK PRODUCTION 

On the other hand, there is no class of farm livestock that is subject 
to such a heavy toll of Josses, resulting from a failure to follow good 
sanitation and disease-prevention practices, as the hog. The annual 
loss from cholera alone is enormous. Infestation with parasites exacts 
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Fig. 4. Genital organs of the sow; dorsal view. The vulva, vagina, and 
cervix uteri arc split open. 1, labium vulvac; 2, glands clitoridis; 3, vulva; 
4, external urethral orifice; 5, vagina; 5*, cervix uteri; 6, corpus uteri; 7, cornua 
uteri, one of v.hich is open at 7' to show folds of mucous membrane; 8, uterine 
(Fallopian) tube; R’, abdominal opening of tube; 9, ovaries; 10, ovarian bursa; 
11, broad ligaments of uterus; 12, urinary bladder f/ro«j Sisson’s Anatomy of 
Domestic Animals; orifihuiUy from Leiserinti’s Allas). 

season, if not bred. Rice •** obscrs'cd that the heat periods recurred on 
the isvcniy-first day more frequently than any other. Exceptions arc 
found among sows which lack breeding thrift and those which arc 
nursing pigs. Sows sometimes come into heat a few days after farrow- 

•J. n. Rice. Ills. I>p. Sta.. Ouroc Jcr»ey Itullelin. June, 1921. 
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ing, usually the third, and frequently again during the later weeks of 
the nursing period. Normally, sows come into heat three or four days 
after their pigs are weaned. 

Trials by Robison ^ showed that sows may be bred and safely settled 
while still nursing their pigs. This he accomplished by separating the 
sows from their litters at night, allowing them to be together during 
the day as usual. During three spring and one fall season a total of 15 
sows was thus bred and later farrowed. Heat usually appeared after the 
fourth or fifth night of separation. In only one case in the 1 6 tried did 
the treatment fail. The litters ranged in age from 43 to 56 days when 
the mothers were bred. 

The possibility of encouraging nursing sows to come into heat dur- 
ing the later days of lactation by turning the boar in with them is indi- 
cated by its frequent practice among farmers. Breeders claim that 
nursing sows are more likely to come into heat when self-fed than when 
hand-fed. Cole and Hughes of California University ® demonstrated 
that estrus, or heat, could be induced in nursing sows by the injection 
of 1000 I. U. gonadotropin, a hormone derived from the blood serum 
of pregnant mares. Forty-two sows were treated in this manner. Sum- 
marizing, Cole and Hughes state: “Sows which were injected in early 
lactation (1 to 38 days) did not manifest estrus regularly, but 26 of 
27 sows injected between the thirty-ninth and sixty-eighth days of 
lactation came into heat three to seven days following treatment. All of 
these animals were bred. Twenty of 23, on which information was 
available, became pregnant during this induced estrus.” These authors 
question the possibility of inducing heat in nursing sows by turning the 
boar in with them. They allowed a boar to run with four control lac- 
tating sows, starting between the twenty-second and forty-fourth days 
of lactation. None showed any evidence of having been bred and none 
became pregnant. 

Vitality of germ cells. Researches by Lewis of the Oklahoma Sta- 
tion “ on the vitality of germ cells indicate that the ripened eggs, or ova, 
are not discharged from the ovaries until the latter end of the heat 
period. Marshall and Hammond " say the eggs are shed 30 to 35 
hours after the beginning of heat. These scientists also observed that 
the eggs do not retain their vitality, unless fertilized, for a period longer 
than a few hours after being liberated. Lewis’ studies also indicated 

* W. L. Robison, ^.tonthly BuHclin. Ohio Exp. Sta.. Vo!. III. No. 5. 

* n. II. Cole and 0. H. Iluphes, Jr. rin. 5c., Vol. V, No, 1. 1946. 

•L. L. Lewis. Bui. 93, 96. 1911. 

* r. }L A- Marshall and John Hammond, Min. of Apr.. Bui. 39, I93Z. 
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FiB. S. Genital oreans of the boar in natural position (courtesy. Dr. Fred C. 
McKenzie and James C. Miller. Mo. Exp. Sta.). 


that the sperm cells of the boar do not, as a rule, retain their vitality in 
the body of the sow for a longer period than 16 hours after service, and 
t at t c eggs probably retain their physiological capacity for fertiliza- 
tion for even a shorter period. In the ease of the sperms, much will de- 
boar and the frequency of the services. 
Mudics by McKenzie and assoeialcs of the Missouri Station ® showed 
that when the services occurred at intervals of 48 hours or longer, the 
sperms janiained motile for five or more days; when ejaculations were 
rna c a _ lour intervals or less, the motility was reduced to three 
ays or css (see Chap, XXI). The time that sperms remain motile 
normally e.xeecds the duration of their fertilizing cflectivencss. 

Other studies m.nde at the Missouri Station by Weaver and Bogart ” 
showed that gilts bred twice during the same heat (12 to 24 hours be- 
tween scr\ iccs) la a greater percentage of conceptions and farrowed 


^ *- n»''cucsv mo, abi. e»p. Sia.. Hs<. 

•I.. A Wca>cr 3inl Kalpti But. 4 f,i, 
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more pigs per litter than gilts bred once during heat. Thirty-six of 40 
gilts (90 percent) bred twice during the same heat period conceived 
and farrowed 8.2 pigs per litter; 31 of 43 gilts (72 percent) bred once 
during heat produced 7.1 pigs per litter. When stored low-quality 
semen was used for artificial breeding, two inseminations (12 hours 
apart) during the same heat period gave more than twice the per- 
centage of conceptions than was obtained with one insemination. 
When the practice is to breed but once during the heat period, service 
on the second day of heat would seem to be most likely to ensure large 
litters and a minimum of breeding failures. The safest rule in prac- 
tice, however, especially when the number of sows to be bred is not 
excessive, is to allow another service the next day if she is still in 
heat. 

At the Illinois Station Wilson and associates studied the cases of 
79 “hard-to-settle” sows and gilts. Of these 42 were settled while on 
experiment after repeated breedings (average number of services per 
heat, 3.9) ; the remaining 37 which failed to settle showed the following 
genital abnormalities which were believed to be responsible for most 
of the breeding failures: tubular aberrations, eystie follicles, and blind 
or missing parts of the reproductive system. 

Gross genital abnormalities. Recentiy Wiggins and associates of the 
Wisconsin Station examined 5088 mature sows and gilts after 
slaughter for the presence of gross genital abnormalities. They found 
that 5.1 percent of the gilts which had reached the stage of puberty 
and 4.9 percent of the open sows had some gross genital abnormality. 
The incidences of these were: tubular abnormalities (bursitis and 
hydrosalpinx), 1.4 percent; cystic follicles plus corpora lutea, 1.1 
percent; cystic follicles without corpora lutea, 0.6 percent; missing 
parts, 0.7 percent; double parts, 0.1 percent; and rudimentary male 
ducts (computed on 3476 animals), 8.9 percent. 

On the assumption that gilts and sows do not differ in reproductive 
efficiency, the authors suggested that about 25 percent of the breeding 
failures could be attributed to gross genital abnormalities. 

The economic loss which results from breeding failures, amounting 
to an average approximately of 20 percent of the sows bred, represents 
a heavy tax on the swine industry. If to this loss there is added the 
fatalities which occur subsequently during the foetal stage of growth, 

‘*R, F. WHson, A. V. Kolbandrov, and J. L. Kridcr, Jr. An. ScL. Vol. 8. No. 4. 
1949. 

*' E. L. Wippins, L. E. Ca'ida, and R. H. Grummer, Jr. An. Scl.. Vol. 9, No 1950. 
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from birth to weaning, and from weaning to market time, the total is 
alarming (see page 71). 

Length of the gestation period. The time elapsing between breeding 
and farrowing is known as the gestation period. During this time each 
of the fertilized eggs develops into an embryo pig, and with the com- 
pletion of foetal growth, birth takes place. Normally, the gestation 
period is just long enough to make possible the full prenatal develop- 
ment of the pigs and to accommodate those physiological adjustments 
in the sow which are preliminary to parturition or farrowing. 

Recent accumulations of data indicate that the average length of 
the gestation period is 114 days. Records reported from various 
sources by the author in the second edition of Pork Production gave 
an average of a fraction over 114 days for 1124 gestations. Lush 
summarized the date for 6535 gestations, the average of which was 
114.3 with a standard deviation of 2.2 days. He suggests that a good 
rule is to suspect as being abnormal any gestation differing from the 
average by more than the standard variation. Investigators have found 
no convincing evidence that mature sows carry their pigs longer than 
do gilts, nor that the season of the year exerts any influence. There 
may be breed differences, and there is evidence that small litters have 
slightly longer gestations than large litters. 

Age to breed gilts. It has been observed that gilts attain puberty at 
a compamtivcly early age in comparison with other species of farm 
animals. Many research workers and swine producers report that the 
heat periods generally are initiated between the fourth and seventh 
months. Studies by Wiggins and associates of the Wisconsin Station “ 

m ‘ ‘J’'" maturity at a somewhat 

later age than is shown by earlier data; also, that spring-farrowed gilts 

reach puberty later than do those born in the fall 

cilts "bred Missouri Station reported that young 

gilts bred at the first appearance of heat to farrow at eight or nine 

onK once and bred 

r^rfine effects of iT '? Poetically recover from the 

dvrarling cliccts of the early gestation; but if not generously fed, or 

if bred Inicc a year, even svitli the best of feeding, they will be per- 
manently affected. It was observed that growth took place at a normal 
n>tc during gestation, but none occurred during lactation. 

" r 'r ’’’r’- ^oi. v,c,. p. svs 1943 

iiolu cnac:f„ Vu's^^TZ;: 
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Experience has established the important fact also that the first 
breeding should not be too long delayed. Reasonably early breeding 
tends to establish reliable breeding habits, while postponement fre- 
quently results in the reverse. Furthermore, the earlier the gilt can be 
made a producer, the larger will be the saving in feed, interest, and 
risk. As a general rule, the gilt that is well developed may safely be 
bred to farrow when 12 months of age. When an active gilt has reached 
the weight of 180 to 200 pounds, she may be bred without danger of 
sacrificing full development later or her future as a producer. The 
breeding of fall-farrowed gilts intended for show the following au- 
tumn should not be postponed. With the present-day emphasis by 
judges on evidences of pig-producing ability, they will show to better 
advantage in the under-year class if well along in pig. 

When should the sows farrow? For spring farrowing, the question 
of early or late pigs must be determined for each farm according to 
its location, the facilities which it affords in the way of quarters for 
handling the litters in cold weather, and the main objectives of the 
farmer and his plan or type of farm organization. 

Among the important advantages of early spring farrowing — 
February and March — are the following: (1 ) The sows farrow during 
the season when time is available for their proper supervision and 
■care. (2) Early-spring pigs are weaned at a sufficiently early date to 
enable the sows to be rebred for the production of fall pigs in Sep- 
tember. (3) Early-spring pigs may be off to market early, thus vacat- 
ing the premises for the fall crop. Early farrowing is practically a 
necessity on those farms where the two-litter system is followed. (4) 
Pigs farrowed early may be ready for market in August or September 
when prices usually are highest. (5) Early farrowed gilts are suffi- 
ciently grown by November to permit them to be bred for early far- 
rowing the following spring. (6) The early pigs complete a larger part 
of their growth while on forage than do late-farrowed pigs and the 
more expensive period of dry-lot feeding is shortened. 

In favor of having the spring pig crop farrowed in April and May, 
the following may be mentioned: ( I ) The amount of equipment and 
labor necessary for the successful handling of late pigs is less than it 
is for early pigs. (2) Late farrowed pigs are less likely under average 
conditions to suffer from anemia and the other ills incident to close- 
housing and worm-infested lots. (3) Late pigs make a larger use of 
the cheaper new corn than do those farrowed and marketed earlier. 

(4) Pigs farrowed in April and May have sufficient growth in October 
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and November to make them particularly satisfactory for following 

cattle or hogging-down corn. _ .we ^ 

On those farms which produce only spring pigs, late farrowing 
the rule; where the two-litter system is followed, the produ^ion o 
early spring pigs is the common practice. In the western Corn Belt the 
one-litter system is generally followed, while in the eastern sections 
the two-litter plan is now almost universally the -rule. 

Fall-farrowed pigs profitable. On well-equipped hog farms the pro- 
duction of two crops of pigs, one spring- and one fall-farrowed, has a 
number of advantages. Perhaps the most important of these from the 
viewpoint of the producer are, first, that the cost of equipment or 
overhead is less per unit of pork produced, and second, the selling 
price usually averages higher, because of the fact that a smaller pro- 
portion of the year’s production reaches market in December and 
January, the season of normal surpluses. Also, by tending to equalize 
winter and summer marketings, the two-litter program makes possible 
greater efficiency and lower costs in getting the products to the con- 
sumer. Fall-farrowing sows and gilts, as a result of forage-feeding 
conditions, have a thrift and an accumulation of vitamin and other 
food reserves so necessary for the production of strong pigs and the 
capacity to nurse them generously after birth. 

In this conncctibn it is of interest to note that of the pigs raised in 
the United States in 1948, 60 percent were spring-farrowed (Dec. 1 to 
June 1) and 40 percent fall-fartowed (June 1 to Dec. 1).^^ The aver- 
ages for the 10-year period immediately preceding 1948 show the ratio 
of 61 to 39. Indiana and Ohio together in 1948 raised within 50,000 
as many fall as spring pigs. For the preceding 10 years the ratio was 
52.6 to 47.4. 

The average monthly distribution of the farrowings in the western 
and eastern Corn Bell states, respectively, for the 10-year period, 1937 
to 1 946, is shown in Table 2.*® 

A multiple-litter system of production. A third system of breeding 
which apparently is being adopted by an increasing number of farmers 
who spccialirc highly in commercial pork production is that of farrow- 
ing tlircc or more litters a year. The most common program is to breed 
to have the pigs come as nearly as possible in February, May, and 
August. When the necessary equipment is adequate and the farm 

•Tic Ctt^v /?rr«'rr. nu. Arr. n«on.. U.S.D.^\.. June 1. 1049. 

•• Nonh CVrural I i^cMocV Maflrtinj Revarch Com., Ift. Esp. Sta. nul.. p. 93. I9-S-. 
an.! Mimro Kpt . Bu A^t. I.c.. UJi.DA.. Feb.. 1947. 
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Tabic 2. Percentage of Sows Farrowing by Months, 1937 to 1946 


Jan, 

Feb. 

Mar, 

Apr. 

May June July Aug. 

Sept. 

Oct. 

Nov. Dec. 

0.9 

2.8 

13.6 

26.7 

Western Corn Belt * 

15.3 6.7 3.5 6.5 

13.6 

1.S 

2.2 

0.7 

1.7 

5.9 

18.7 

18.2 

Eastern Corn Belt ** 

8.3 4.1 4.1 9.8 

17.2 

8.3 

2.6 

l.I 


“ Western Corn Belt includes Iowa, Kansas, Minnesota, Nebraska, North and South 
Dakota, and Montana, 

Eastern Corn Belt includes Illinois, Indiana, Michigan, Ohio, and Wisconsin. 

program well organized and managed, the system produces pork eco- 
nomically, By distributing the production over the year it helps further 
to solve the seasonal surplus-marketing problem. 

The breeder of pedigreed hogs ordinarily finds it to his advantage 
to breed for early pigs. In addition to the gratification and advertising 
value of having pigs which are large for the season, they can be dis- 
posed of as prospective breeders more promptly and at better prices. 
The buyer usually favors early purchases, and he is particular in 
seeking size and growthiness. Pigs intended for show should, of course, 
come as soon as possible after the critical dates which separate the 
junior and senior age classes. A new system of classification adopted 
at most state fairs now provides two classes for spring pigs, senior and 
junior. Senior spring pigs must be farrowed on or after February 1, 
and junior spring pigs on or after March 15. Senior or under-year pigs, 
as a consequence, may be farrowed on or after August 1 of the previ- 
ous year. February I and August 1 in this plan thus replace the dates 
March 1 and September 1 in the older classification. 

HANDLING THE BOAR AND SOWS 

The number of sows which the boar can safely breed during a given 
breeding season will depend on several factors, such as age, natural 
vigor or fertility, the length of the breeding season, the distribution of 
the services, his feeding, and the way he is handled. He is considered 
at his best when 1 8 months to four years of age. If properly fed and 
exercised, however, his vigor should be maintained several years 
longer. 

How many sows can the boar breed? Some boars are naturally more 
vigorous than others and can settle Uvice the number of sows in a 
given breeding season. Results will also depend on the judgment and 
experience of the herdsman. No boar will perform satisfactorily that 
is constantly mistreated or subjected to frequent abuse, whose sers’ices 
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have not been carefully regulated, that has been confined to a dry lot 
during the time when not in service, or that is fat and lazy as the result 
of too much corn and too little exercise. 

In addition to the information concerning the effects of frequency 
of mating on the number and quality of sperms produced by the boar 
(see Chap. XXI) , we have the observation and experience of the prac- 
tical hogman and breeder. To secure such information the writer inter- 
viewed by letter 20 prominent breeders and herdsmen. In practically 
all cases the breeders replied that the mature boar could breed two 


sows a day, and occasionally three. One breeder only advised but one 
service a day, with occasionally two; one breeder said the boar could 
occasionally breed four sows in one day. It was the experience of 
practically all these men that the yearling boar is able to take care of 
as many sows as the mature hog. 


In the case of the early spring pig used during the fall season com- 
mencing about November 1, it was quite the unanimous expression 
that he could safely breed one sow a day, and occasionally two. Only 
two breeders would limit the number of services to as few as three or 
four a week, and these were men with small herds. Only three of the 
breeders interviewed reported that they had observed instances where 
the failure of the boar to settle his sows appeared to be the result of 
overuse during the previous breeding season. 

breeders of the past, N. H. Gentry, says: 
Sometimes we use a boar twice a day, and then probably have two 
or three or four days when we will not use him at all. . . . Sometimes 
we in ourselves with three or four sows in heat and must use a boar 
two or three times a day, but not very often. If I use a boar twice in 
one ay, I like to let him miss service afterward for a day or two. I 
think once a day is doing very well.” ” 

The opportunity to “cash in” on the reputation of a boar that has 
won distinction in the show ring by ollering for sale sows bred to him 
cn s o f. especially in the case yt the immature pig, in his ex- 
cessive use. As an example of this abuse there is listed below a num- 
ber of cases. The number of services was learned by an examination 
0 c ma mgs Eiven in the catalogs for sows offered at auction in 
bred-sow sales the following January or February. 


Quoted by T. D. Cobum in Sitine in America, Orange Judd Co., 1909, p. 99. 
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Some sale catalog data. 

Boar Number 1 — First-prize junior boar pig and junior champion 
at the National Swine Show. Bred 45 sows in the period from Novem- 
ber 6 to December 26; bred 16 sows in one seven-day period. 

Boar Number 2 — ^First-prize junior boar pig at the National Swine 
Show. Bred 59 sows from October 10 to January 12, a period of 92 
days; bred 2 sows in one day on six occasions; bred 3 sows in one 
day on one occasion. 

Boar Number 3 — ^First-prize junior boar pig at a state fair. Bred 
43 sows from November 6 to January 5, a period of 58 days; bred 2 
sows in one day on eight occasions; bred 3 in one day on two occa- 
sions. 

Boar Number 4 — First-prize boar pig at the National Swine Show. 
Bred 20 sows in November; bred 3 sows in one day on three occasions. 

Boar Number 5 — First-prize junior boar pig at the National Swine 
Show. Bred 50 sows which were offered for sale the following winter 
and spring; the next fall, as a yearling, he was mated with 91 sows. 

Bearing in mind the findings of the scientist on the effects of fre- 
quent ejaculations on the volume of semen, number of sperms, dura- 
tion of sperm motility, and number of abnormal or deformed sperms, 
and giving due consideration to the judgment of breeders in the field 
based on observation of the results, the following general recommen- 
dations appear to be justified; for the pig eight or nine months of age, 
15 to 20 sows may be bred during a 30-day season; yearlings and older 
boars should be capable of taking care of 25 to 45 sows. 

Systems of mating. There arc two general systems of handling the 
sows and boars during the mating season. The first, known as hand- 
coupling, is that of bringing each sow as she comes in heat to the 
boar; the second is that of allowing the boar to run with the sows a 
part or all of each day. 

The best system to follow will be determined by the conditions. 
The farmer who has only eight to ten sows to breed finds the practice 
of turning the boar in with the sows to be satisfactory, as a rule. The 
chief advantages of this system arc that this docs not require the indi- 
vidual attention and time of a man when each sow is bred, and sec- 
ondly, the boar is under conditions which permit plenty of c.xcrcisc. 
Also, the chances of missing a sow when she comes in heat are reduced 
to a minimum in this system. When llic number of sow.s is \scll uilhin 
the number which would be safe to breed under these conditions, and 
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morning before feeding, and the other late in the day, before feeding. 
The boar should not, of course, be used when full of feed. A double 
service should be given the sow only when it is apparent that the first 
was incomplete. If the first service is a satisfactory one, however, 
an immediate second service should be avoided. If the sow is still in 
heat 24 hours later, a second service is advisable, provided that it 
does not endanger the energies of the boar. 

^ 

' ' 1 : 



Fir. 6. A very satisfactory type of open-front boar house m use on the Purdue 
University Farm (photo hy Allmt 


An important fact to rcnienibcr at this point is that the successful 
union of the male and female germ cells is dependent on the vieor and 
activity of the male germ ccUs (sec Chapter XXI). Before reaching 
the eggs, it is necessary for these cells to travel a considerable dis- 
tance in the uterus and Fallopian lubes of the sow . 1 liis they are able 
to do by the movement of a lail-likc appendage. If the boar is not 
vigorous, as the result of overuse, or is too fat. or in a run-down con- 
dition. e.xpcrimcnts indicate that the sperms which he produces will 
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when it is not considered essential to know the exact date when each 
sow is bred, there is little in the practice to condemn. 

When the number of sows in the herd is larger than this, it is doubt- 
ful whether this is the best system, unless there is a surplus of boars 
of equal merit available. Too often the tendency is to expect the boar 
to breed as many sows under this system as could be done with safety 
when the services are regulated by hand-coupling. The results are that 
the sows are not settled promptly, many of the litters are small, and 
the ratio of fertile to total services markedly reduced. When running 
with the sows, the hoar should not be expected to breed more than 
one-half the number which would be safe under the hand-coupling 
plan. 

In pure-bred herds where an accurate record of the breeding of 
each pig is necessary, any other system than that of bringing the sows 
to the boar is practically out of the question. In pedigreed herds, the 
number to he bred is frequently large, also, and several boars are 
usually in service at the same time, and it is desirable that each sow 
be bred to a particular boar. The importance of getting each sow 
successfully bred the first time she comes in heat and the desirability 
of maintaining the vigor of the boar at a high pitch are so great as to 
warrant the time and attention required to breed the sows individually 
under most conditions. 

With the opening of the breeding season, the sows should be 
watched closely for evidences of heat. While, as a rule, a sow in heat 
is sufficiently demonstrative in her behavior to make detection easy, 
yet in every herd there are ordinarily a lew sows which show few of 
the usual symptoms. The practice of having the boar and sows in 
adjacent fields facilitates observation. When in heat, the sow will be 
found along the fence next the boar and away from the remainder of 
the herd. From the standpoint of the boar's welfare, however, this 
arrangement, although productive of exercise, is usually too disquieting 
to be without serious criticism. This is especially true if the demands 
on the boar arc heavy. The boar in heavy use should be protected from 
such exciting influences. The practice of having a "teaser,” or a bo.sr 
to which only a few sows arc to be bred, in the Jot next to the sows is 
often followed with good results. 

Some hints on hoar management. When the breeding schedule of 
the boar is a heavy one, every effort should be made to time the sen- 
ices so that a reasonable interval shall intcr\'enc between them. When 
two sows arc in heat at the same time, one should be bred in the 
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morning before feeding, and the other iate in the day, before feeding. 
The boar should not, of course, be used when full of feed. A double 
service should be given the sow only when it is apparent that the first 
was incomplete. If the first service is a satisfactory one, however, 
an immediate second service should be avoided. If the sow is still in 
heat 24 hours later, a second service is advisable, provided that it 
does not endanger the energies of the boar. 


- 
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Tin. 6. A very satisfactory type of open-front boar house in use on the Piirtlue 
University Farm (photo hv Altcn) 


An important fact to renienibcr at this point is that the successful 
union of the male and female germ cells is dependent on the vigor and 
activity of the male germ cells (see Chapter XXI). I3cforc reaching 
the eggs, it is necessary for these cells to travel a considerable dis- 
tance in the uterus and Fallopian lubes of tltc sow. T lus thes arc able 
to do by the movement of a tail-likc appendage If the boar is not 
vigorous, as the result of otcrusc. or is too fat. or in a run-down con- 
dition. experiments indicate that the sperms which he prtHJuccN will 
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lack vigor and activity. Such germs will he short-lived and sluggish, 
and the chances that each egg produced will be fertilized by a vigorous 
sperm will be greatly reduced. 

The condition or breeding capacity of the boar will be largely in- 
fluenced by his exercise and feeding during the weeks preceding the 
opening of the breeding season. No amount of attention to these 
matters after the season has begun will compensate for a lack of atten- 
tion to them earlier. It is the opinion of many experienced handlers 


also that the failure of the boar to settle his sows promptly is, in some 
instances, the result of too infrequent services, or to a long period of 
enforced idleness. Because he seems less sure at -the beginning of the 
breeding season, it is a good plan to start him a -yveek early on a few 
sows or gilts that are soon to be marketed, when these are available. 
Young boars of unknown fertility, especially those which have been 
transported long distances, should be tried out on a few market gilts 


before the regular breeding season opens. 

Patience and good judgment in handling the boar are necessary for 
best results. "When the sow is turned in, he should be allowed to take 
his own time preliminary to mounting. The fussy impatience of the 
herdsman often proves to be a distracting annoyance, which interferes 
seriously with those necessary reactions on the part of the boar that 
are prerequisite to breeding. If he has any peculiarities or idiosyn- 
crasies as regards the conditions which he requires, they should be 
recognized and catered to. So far as possible, a regular schedule as to 
time and method of bringing the sows and boar together should be 
observed. After she has been bred, the sow should be placed in a pen 
by herself until heat has passed. 

great boar Masterpiece, A. J. Lovejoy, said; 
walks forty rods from his home to the 

hogs. In the morning, 

housca^nd ‘he boar down to the breeding 

a?, “her breakfast. Then he uses him 

out of heat H quiet place until she goes 

homc/^'« ” hour and then walks him 


The hnTfnln rn'm ' "'“ture heavy boar is to be bred to gilts. 
"I • qnm h ^ ’’“’’sy sows, a breeding crate is practically 

a ncccsstly. Some breeders prefer its use even t^ugh the boar and 
sows are of the same size and type. They claim that a satisfactory 
'•Quottd by F. D. Coburn. Stthrln ^mrrlca, Orance Judd Co.. 1909. p. 100. 
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lack vigor and activity. Such germs will he short-lived and sluggish, 
and the chances that each egg produced will be fertilized by a vigorous 
sperm will be greatly reduced. 

The condition or breeding capacity of the bpar will be largely in- 
fluenced by his exercise and feeding during the weeks preceding the 
opening of the breeding season. No amount of attention to these 
matters after the season has begun will compensate for a lack of atten- 
tion to them earlier. It is the opinion of many experienced handlers 
also that the failure of the boar to settle his sows promptly is, in some 
instances, the result of too infrequent services, or to a long period of 
enforced idleness. Because he seems less sure at the beginning of the 
breeding season, it is a good plan to start him a week early on a few 


sows or gilts that are soon to be marketed, when these ate available. 
Young boars of unknown fertility, especially those which have been 
transported long distances, should be tried out on a few market gilts 
before the regular breeding season opens. 

Patience and good judgment in handling the boar are necessary for 
best results. When the sow is turned in, he should be allowed to take 
his own time preliminary to mounting. The fussy impatience of the 
herdsman often proves to be a distracting annoyance, which interferes 
seriously with those necessary reactions on the part of the boar that 
are prerequisite to breeding. If he has any peculiarities or idiosyn- 
crasies as regards the conditions which he requires, they should be 
recognized and catered to. So far as possible, a regular schedule as to 
time and method of bringing the sows and boar together should be 
observed. After she has been bred, the sow should be placed in a pen 
by herself until heat has passed. 

8*'*^^* Masterpiece, A. J. Lovejoy, said: 
"'“'ks forty rods from his home to the 
nmitm ^ f™"" '’‘=r mates the night before 

ivfnr' morning, 

hmi ^ inil I '‘^‘^‘^^man walks the boar down to the breeding 

liousL and lets him he there until after breakfast. Then he uses him 

out of hem' 'll ‘'If 

home " t "5 boar lie for half an hour and then walks him 


Ii*"^ “ mature heavy boar is to be bred to gilts, 

iv Som mugy sows, a breeding crate is practically 

a necessity Some breeders prefer its use even tLugh the boar and 
sows arc of the same size and type. They claim that a satisfactory 
'■ Q-alcJ br F U. Orsnee JuJU Co., tw), p. lOO. 
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service is nior?certain with than without it, and that its use proves less 
wearing on the energies of the boar. The boar, however, has to be 
taught to use it and with some individuals considerable patient effort 
is necessary before this is accomplished. Those that have formed the 
habit of breeding under natural conditions are especially backward, 
while some refuse altogether. For breeding gilts to a heavy hog, an 
improvised crate can be made by placing the gilt between two bales 
of straw, with one in front. 

Farmers, as a rule, do not favor the breeding crate chiefly because 
of the time and individual attention required and also because they 
have had no experience in observing its use. The unpopularity of 
mature boars for use in commercial herds is the result of this objection^ 
Some think the sow more likely to miss conception when bred under 
such artificial conditions. There is no reliable evidence, however, that 
the proper use of the breeding crate will interfere in any way with 
fertility, 

H. R. Davidson in his excellent book, The Production and Market- 
ing of Pigs,^^ offers some good advice for handling young boars tem- 
porarily suffering from what he calls psychological frustration. He 
says: 

A small boar making his first service may be used on a sow or older gilt 
which is much too large for him, or on a gilt that will not stand still. After 
many efforts and considerable exhaustion he gives up in despair. Often the effect 
is to produce a conditioned reflex which leads to his refusal to try at the next 
opportunity. — I have cured one complete and several partial cases of this con- 
dition by appropriate treatment, but that is not to say that the condition is 
always amenable to treatment. The boars were removed from all contact with 
sows or gilts in heat, heavily purged with salts and then put on a very light 
ration till they lost some condition. After some weeks, during which time they 
were allowed ample exercise on pasture, sometimes with in-pig sows, and when 
they had become active, keen and on good terms with their associates, they were 
introduced suddenly to a gilt of just the right size, fully in heat and known to be 
of sensible disposition. 

Records. The breeder of market hogs does not, as a rule, make a 
record of the date each sow is served. When the sows arc bred early 
and the farrowing season is in February or March, however, a knowl- 
edge of the time each sow is due will make possible that preparation 
and individual attention at farrowing time which arc ncccssar>' to 
save the pigs in cold weather. Without a knowledge of the date of 
service, it will be necessary to depend on careful observation and 
judgment to indicate when the sows arc due. Even with the most care- 

*’ Longman;*, Green A. Co , London. 1946, p. 406. 
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ful supervision, the experienced hog raiser makes many bad guesses, 
and as a consequence a number of the sows farrow with the general 
herd and under conditions not favorable to the survival of the pigs. 
Such experiences suggest that it might be practical for the producer 
of market hogs, especially when early pigs are attempted, to have his 
sows tagged and a record made of the time of breeding. There is also 
another advantage. If the sows are tagged and their litters ear-notched, 
information will be available later regarding the number and quality 
of pigs weaned and marketed from each sow, a record of production 
which is necessary in order to know which to retain and which to 
discard for the next breeding season. 

With pure-bred herds, breeding records are a practical necessity. 
When more than one boar is in service, as commonly is the case, the 
record must be depended on in writing the pedigrees of the pigs later, 
as well as to indicate when each sow is due to farrow. Before the 
breeding season begins, the boar to which each sow is to be bred 
should be determined as far as possible. Each sow must wear an car 
tag bearing her number, a breeding sheet should be made out con- 
taining the name or number of each sow, the name of the boar which 
it is proposed to breed her to, with spaces for recording the dale ot 
service. The knowledge of the sire and dam of each sow is imporlani, 
also, to guard against the possible use of a too closely related sire. 
If this sheet is posted in some convenient place in the hog bam, the 
entries can be made promptly. With the close of the breeding season, 
the date of service and the name of the boar bred to should be trans- 
ferred to the permanent record. 

The following record form embodying these features has prow 
practical and convenient to use. 

Urceditti; Record — Fall, 1950 


Sunieor 

of Sou' 


utiJ 

Dam 


UiHir ilrcii lo 
anJ Dui<s of 
Srn /err 


Ktn-sdl 
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FEEDING THE SOWS 

In order that the sows may be at the maximum of breeding thrift, 
it is necessary that special attention be given their feeding and care 
several weeks before mating. Mature sows which are thin in the fall 
as the result of plenty of grass and exercise and little or no grain arc 
in ideal condition for this preliminary treatment. Sows which have 
weaned fall litters also are in good condition to respond favorably. 

Sows should be flushed. This treatment, known among shepherds 
as “flushing,” consists in feeding the sows so as to cause them to gain 
from three-quarters to a pound daily a week before the opening of the 
breeding season and until they are safely in pig. The practical effect 
of such feeding seems to be to stimulate all the vital functions, and 
among them the breeding function, to greater activity. When it is 
remembered that the size of the litter is limited by the number of eggs 
produced by the sow, the importance of such a condition is magnified. 
It has also been observed that sows when gaining in flesh and thrift 
tend to come in heat promptly and to be more susceptible to impreg- 
nation when bred. 

To respond favorably to the treatment suggested above, the sows 
must be thin in condition at the beginning. Sows that are already as 
heavy as is consistent with vigor and activity should be stimulated, if 
possible, by supplying plenty of range and exercise with access to 
green feed. With show sows or those very high in condition, it is 
usually necessary to reduce in flesh before they will breed. This should 
be done without subjecting them to any sudden change in diet, by 
withdrawing the grain from their rations gradually, and by stimulating 
exercise by allowing them the freedom of a good pasture. To establish 
regular breeding habits in a sow that has been highly fitted is as re- 
liable a test of good feeding as is the ability to bring her up to the 
bloom of show condition. 

To ensure successful reproduction, it is particularly necessary that 
the gilt be fed during the pregestation or growth period a ration that is 
complete in all nutritional essentials. Cunha of the Washington Station 
and Fairbanks of the Illinois Station -" demonstrated the effectiveness 
of fine-quality alfalfa for correcting the deficiency of many so-called 
good rations. At Illinois, the addition of 12 percent of high-quality 
alfalfa meal to an otherwise good ration of yellow corn, soybean oil 
meal, fish meal, tankage, limestone, bone meal, salt, and fortified cod 

** Reported by Damon Catron, llos ItrecJer, March, 1949. 
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but it must be properly balanced. A complete ration ^ 

tion to corn or other cereal, one or more pro ein-nch supplcmen 
(preferably partly of animal origin), a good salt or mineral 


and green feed. , 

Some boar rations. Below is listed a few rations which ^presen 
nearly ideal combinations, by weight, for the boar during the breeoing 


season. 


Ration 1 

40% ground corn 
29% finely ground or rolled oats 
20% wheat shorts or middlings 
10% high-grade protein supplement, 
partly animal origin 
1% simple mineral mixture (equal 
parts limestone, special steam 
bone meal, and salt) 

Green forage 


Ration 2 

45% ground com 
28% finely ground oats 
20% red dog flour 
5% alfalfa leaf meal 
2% simple mineral mixture 

2 to 3 gallons skim milk or but* 
termilk, daily 


Ration 3 


Ration 4 


35% ground barley 
25% finely ground or rolled oats 
20% wheat shorts or middlings 
8% linseed or soybean oilmeal 
5% tankage, meat meal, or fish meal 
5% alfalfa leaf meal 
2% simple mineral mixture 


30% ground corn 
25% cracked wheat 
23% ground oats 
5% wheat bran 
5% alfalfa leaf meal 
10% high-grade protein supplemen 
2% mineral mixture 


Ration 5 


Ration 6 


30% ground corn 
30% cracked wheat 
20% ground oats 
5% wheat bran 

14% high-grade protein supplement 
1% mineral mixture 

Green feed, ad. lib. 


39% ground wheat 
30,% ground oats ' . 

15% green alfalfa meal or leaf 
5% wheat bran 

5% meat and bone scrap, 

or fish meal 

5% soybean or linseed oil meal 

1% simple mineral mixture 


The above rations are abundantly rich in proteins, 


minerals, ani 


vitamins, the food constituents that most directly affect fertility- They 


No- 


are especially recommended tor boars doing heavy service- j 

5 is designed especially for the boar pig. and No. 6 for the 
mature boar. A suitable mineral mixture is made up ybe 

of limestone dust, special steam bone meal, and iodized salt. 
fed as suggested, or self-fed. When the latter method is empl > 
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combinatioa of limestone and hone meal may be fed in one compart- 
ment of the feeder, and the salt in the second compartment. 

Most breeders believe they can maintain the proper condition of 
the boar better by hand than by self-feeding. They also favor feeding 
most of the ration in the form of a thick slop rather than dry. This, 
however, is not a vital matter. The amount fed should be regulated so 
that there will be no excess or deficit in the supply. Close observation 
of the condition of the boar, with good judgment, are the best guides. 
Full rations will, of course, be necessary when the schedule is a full 
one. Even with the most liberal feeding the mature boar usually will 
lose weight when used heavily. 

Special treatment for sluggish boars. Occasionally the boar will “go 
off his feed.” In such a situation special treatment may be advisable. 
A number of hogmen have testified to the value of eggs fed as part 
of the regular ration in helping to bring him through a particularly 
heavy season. Attention in such cases should also be given to his likes 
and dislikes by supplying for a time the feeds most appealing to his 
palate, even though it may mean, temporarily, a lack of balance in the 
ration. As a general practice, the feeding of special tonics or drugs is 
to be condemned. For the normal well-conditioned boar, they will do 
more harm than good. 

To stimulate vigor in boars that have temporarily lost all sex inter- 
est, the result in many instances of too long a period of idleness and 
high condition, the feeding of one gram daily of thyroprotein (iodi- 
nated casein) has been favorably reported on.-> The use of thyro- 
protein or gonadotropic hormones in the treatment of the various 
types of irapotency or sterility, however, it should be emphasized, is 
strictly in the early experimental stages of development. 

The feeding of wheat-germ oil, a rich source of the antisterility vita- 
min E, has been favorably reported on by a considerable number of 
breeders as a means of stimulating sex interest in sluggish or indifferent 
boars at the start of the breeding season. This vitamin, which is neces- 
sary for reproduction, however, is present in large amounts in natural 
feeds. Grains and seeds, where it is concentrated in the germ, green 
forage, and the leafy part of good-quality hays, are rich in it. The 
author has found no experimental evidence that it is of any value 
when normal good rations arc fed. Well-constructed rations apparently 
supply an abundance of this vitamin. 

Andrews, F. N., Jr. Frj, SJtd. yiu’n, Vol. CX, No. R42, May, 19-17. 



Ill Feeding Pregnant Sows and Gilts 


There are two principal points which should be kept in mind when 
feeding sows during the gestation period. These arc, first, to provide 
a ration which will ensure the complete nourishment of the sow and 
her developing litter, and, second, to choose the feeds and adopt a 
method of feeding which will prove economical and adaptable to 
the farm conditions. 

NUTumONAL NEEDS OF THE PREGNANT SOW 

Why good rations are necessary. The nourishment of the sow dur- 
ing the gestation period affects her performance subsequently in a 
variety of important ways. It affects the number, strength, and weight 
of the pigs farrowed, the number born dead, and the number and 
weight of the surviving pigs at weaning time. It is a factor in the 
general health and vigor of the sow and her ability to give birth to her 
pigs without difficulty or complications, the promptness of her re- 
covery, her ability to initiate milk secretion, and her capacity for 
sustained lactation during the all-important nursing period. Other fac- 
tors, of course, such as heredity, care and sanitation, and exercise, also 
are involved to a greater or lesser degree in affecting these results. 
At this time, however, we are concerned with the nutrition side 
alone. 

Good feeding also requires that the ration be cheap as well as com- 
plete and balanced. The cost of feeding the sow during this period is 
an important item in the feed cost of the individual pigs at birth; and 
this represents a considerable part of the cost of the finished market 
pig (sec Chap. XVI). 

There arc a number of important facts relating to reproduction with 
which all hogmen should be familiar in order to appreciate better the 
extent and nature of the food demands of the pregnant sow. Because 
of their significance they arc in the real sense key facts. 

30 
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Loss of weight during farrowing and nursing. The first of these has 
reference to the loss of weight which occurs when the sow gives birth 
to her fitter. Vestal of the Indiana Station ^ reports this loss for 445 
sows and 248 gilts fed various types of experimental rations over a 
period of 15 years, from 1921 to 1935. For the mature sows the aver- 
ages for the different years varied from 30 to 44 pounds with a general 
average of 38 pounds. The loss for the gilts ranged from 20 to 37 
pounds with a general average of 27 pounds. Records of individual 
sows in the Purdue University herd over a period of four years showed 
a loss varying between 25 and 55 pounds for mature sows. For these 
sows this loss of weight was distributed as follows: 29 pounds, in 
round numbers, in the pigs themselves, 5 pounds in the placental 



Fig. 7. Curve showing the typical fluctuations which normally occur in the 
weight of the mature sow during one reproduction cycle. 

membranes or afterbirth, and 1 1 pounds in the amniotic fluids and 
products of metabolism, representing a total average loss of 45 pounds. 

Considering this loss along with that yvhich normally occurs during 
the lactation period, it is dear that if the mature sow is to be ap- 
pro.ximalciy of the same weight when she weans her pigs as she was 
when bred, she must be fed sullicicntly liberally during pregnancy 
that a gain of 75 to 100 pounds is assured. Young sows tind gilts 
carrying their first litters should gain at least this much for, in addition 

'C. .\l. Venal, llul. 413. Match. 193S. 
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to the above losses in kind, provision should be made for the normal 

growth of the gilt herself. . , , 

Protein and mineral needs. Equally important with the extent or 
volume of the loss of weight at farrowing time is its nature or com- 
position. A gross examination of the carcass of the new-born pig 
reveals that it is made up mostly of muscles and similar tissues, internal 
organs, bones, fat, and skin. On the dry-matter basis this material, as 
shown by chemical analysis, is composed of 70 percent protein or 
nitrogenous material, 20 percent ash or mineral matter, and 10 percent 
fat (see Table 3). The other products of growth during pregnancy 
are represented by the placental membranes, the mammary glands, 
and the increase which occurs in the size of the uterus. The latter, 
however, is not lost at farrowing time; it remains and on its partial 
absorption may serve as food for the support of lactation. These tissues 
are even more nitrogenous in nature than those of the new-born pig- 
Food requirements increase with advancing pregnancy. More exact 
information about the products of pregnancy is furnished by the 
fundamental studies of Mitchell and associates at the Illinois Station.® 
Detailed chemical analyses were made of the uteri and contents of 16 
pregnant gilts, the litters averaging eight pigs, at different stages in 
the gestation period. The first gilt studied was killed at the end of the 
fifth week of pregnancy; at the end of each of the subsequent weeks, 
up to and including the sixteenth, one or two gilts were slaughtered 
and the products of reproduction analyzed. The detailed figures given 
in Table 3, based on these determinations, show the daily rale of depo- 
sition of the principal food constituents. 

Some interesting facts are revealed by a study of these figures. It is 
to be observed, for example, that more than two-thirds of the growth 
was made during the last four weeks of the gestation period; in all the 
constituents there was a progressive increase in the rate of deposition. 
This was particularly true of calcium (lime) . At the close of the six- 
teenth week of pregnancy the nutrients were being deposited at more 
than double the rate than at the termination of the tenth week. Other 
figures in these studies showed that the uterus reached its maximum 
development in the twelfth week, at which time it was 16 times the 
size of the nonpregnant uterus. At the end of nine weeks the placental 
membranes had reached full development and the amniotic fluid was 
at its maximum at the end of eight weeks. The amount of iron found 


■It. II. Machcll. w. E. Carroll T, s. q g RequircmcMS 

o/ Pfrsnqitqy in Sntnc, Dul. 373, 1931 , 
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Table 3, Computed Daily Rate of lacrease in Weight and Energy Contenb 
and Computed Daily Deposition of Nutrients in the Uteri of Pregnant Gilts 
(III. Exp. Sta.) 


Week of 
Gestation 

Total 
Weight * 

Crude 

Protein 

Gross 

Energy 

Ash 

Calcium 

Phos- 

phorus 

Iron 


gms. 

gms. 

cals. 

gms. 

gms. 

gms. 

mgms. 

1 

27 

0.54 

1.6 

0.028 

0.0001 

0.0011 

0.28 

2 

49 

1.5 

5.9 

0.126 

0.0018 

0.0074 

0.71 

3 

71 

2.7 

12.5 

0.30 

0.0081 

0.022 

1.24 

4 

91 

4.2 

21 

0.57 

0.024 

0.048 

1.84 

5 

111 

5.9 

32 

0.93 

0.055 

0.087 

2.50 

6 

131 

7.7 

45 

1.38 

0.109 

0.142 

3.2 

7 

150 

9.6 

59 

1.93 

0.194 

0.215 

4.0 

8 

169 

11.8 

76 

2.6 

0.32 

0.31 

4.8 

9 

187 

14 

94 

3.3 

0.50 

0.42 

5.6 

10 

205 

16 

115 

4.3 

0.74 

0.56 

6.5 

11 

224 

19 

137 

5.2 

1.05 

0.72 

7.4 

12 

242 

21 

160 

6.2 

1.46 

0.91 

8.3 

13 

259 

24 

186 

7.4 

1.97 

1.13 

9.2 

14 

ni 

27 

213 

8.7 

2.60 

I.3S 

10.2 

15 

294 

30 

242 

10. 1 

3.37 

1.67 

11.2 

16 

312 

33 

272 

11.7 

4.29 

1.98 

12.3 


‘ One ounce = 2g.35 grams; one pound = 453.6 grams. 


in the liver and spleen was greater than that contained in the entire 
body outside these organs, although it did not exceed published figures 
for mature pigs. 

Although the progressive increase in the rate of development of the 
foetus and related organs during gestation indicates the need for an 
increasing daily food supply as pregnancy advances, it should, at the 
same time, be recognized that heavy feeding during the last weeks of 
pregnancy, as well as scanty rations during the weeks immediately 
following breeding, should be avoided. Davidson ^ expressed the 
view, based on extensive observation, that high feeding during the 
last few weeks of pregnancy is one of the main causes of flushed over- 
stocked udders and resulting congestion. He reports success with the 
plan of feeding the sow up at once after breeding to the condition de- 
sired at farrowing time. 

That good nutrition should be provided during the critical two or 
three weeks immediately following breeding is suggested by the fact 
that it is during this time that implantation of the fertilized eggs is tafc- 


* It. R. Da\idson. The Prodttclion and Markettne ol Pigs. Lonsinans. Green A Co.. 
London, 1948, p. 414. 
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ing place. McKenzie of the Missouri Station * found a dose relation- 
ship between the gains made during the four weeks following breeding 
and the number of pigs farrowed. Investigations generally have shown 
that, in a group, those sows that gain most during gestation farrow 
die larger Utters. 

Maintenance needs must be provided. In addition to supplying the 
materials needed to grow the foetal litter and associated parts, the ra- 
tion of the pregnant sow should provide food for maintenance, i.e., 
tor the nourishment and upkeep of her own body. The requirements 
for maintenance are foods chiefly of a carbonaceous nature, which 
supply energy and heat to run the body machine and maintain its 
temperature. In addition, a small but constant amount of protein and 
mineral matter is required to repair the daily body wastes. Unlike the 
demands for the support of embryonic growth, the maintenance needs 
may be met by rations which are preponderantly carbonaceous in 
character. In the former case also the food demands are limited chiefly 
to the last half of the gestation period, while the demands for mainte- 
nance, assuming uniform weather conditions, are constant. 

With the gill carrying her first litter, there is needed, in addition to 
food for maintenance, material which will provide for the continuation 
of her own growth and development. A somewhat larger supply of 
protein and mineral matter than is necessary in the ration of the mature 
sow is therefore desirable, particularly during the first half of the preg- 
nancy period. 

Food rcsencs of body should be built up. A third very important 
point is the desirability of building up in the body of the sow a food 
icservc which will be available later to supplement the rations during 
lactation. This reserve is valuable because normally the demands for 
milk production arc greater than can be supplied by the rations fed 
at the time. The requirements for milk production, in other words, may 
exceed the capacity to digest and assimilate food. This is especially 
true if the sow is a heavy milker. If the sow arrives at farrowing time 
in thin condition, especially if her ration during pregnancy has been 
dciicicnt in protein, calcium, or vitamins, as is not uncommon, her 
limited food reserves will be c.xhaustcd early and a failure in the milk 
supply will result. In more e.xtrcmc cases, a complete breakdown may 
occur. I he tendency of ihc sow to take on weight during the preg- 
nancy period, that U, to accumulate food reserves, is a natural one 
and should be encouraged to the extent that at farrowing time she may 
•r r. M.Ktjucc. Utc iluL 118. was. 
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be in what the breeder describes as a strong but active breeding con- 
dition. 

SOME EXPERLMENTAL STUDIES 


As a result of the varied nature of the food demands of the preg- 
nant sow and the tendency or temptation of the average feeder to 
depend too exclusively on com or other cereals in feeding her during 
the winter, the problem of supplying suitable rations which are ade- 
quate in all essentials is one of considerable practical importance. 
Particularly in the Com Belt the ration is likely to be deficient in pro- 
tein and mineral matter, especially calcium. When white com, or any 
cereal other than yellow com, is fed the supply of vitamin A also 
becomes a factor requiring attention. Other vitamins, such as the anti- 
rachitic vitamin D and the numerous factors contained in the B com- 
plex group of vitamins, have been given special significance by recent 
studies because of their relation to baby pig losses and the maintenance 
of a high level of production. 

It will be our purpose now to consider some of the experimental 
studies which demonstrate the deficiencies of com and other grains, 
and their need for protein, mineral, and vitamin supplements. 

Com alone not suitable for yearling pregnant sows. Experiments 


conducted by Evvard of the Iowa Station, = begun in 1910, were 
among the first to demonstrate clearly the fact that young sows are 
unable to produce strong pigs when fed during the gestation period on 
com alone. In one trial 30 yearling sows were divided equally into 
three lots at breeding time and fed the following rations up to the time 
of farrowing: Lot I, com alone; Lot II, com and tankage; and Lot III, 
com and linseed oil meal. The amount fed was regulated m each lot 
by the condition and weight of the sows. All groups had access to 
open lots and were under identical conditions as regards exercise and 
shelter. The results, as expressed in the weight and strength of the pigs 

at birth, are shown in Table 4. ^ 

The sows which received either tankage or linseed oil meal with 
com produced heavier and stronger pigs than did those which were 
restricted to com alone. That this should be the case occasions no sur- 
prise among experienced feeders. The differences were sufficiently 
marked to be significant. The real importance of them, however, lies in 
the fact that weak pigs are likely to sutler heavy mortality during the 
first few weeks of life. A report on the number and w eight of these pigs 

‘John M. Enarit. Proc. Am. Soc. An. PinJ.. Dec.. 1913. 
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Table 4. Cora Alone 'versus Cora and a Protein Supplement 
for Pregnant ’Veaillng Sows 


Average Daily Ration 

4.97 Lb. 
Com 

4Al Lb. Corn 
0.50 Lb. Tankage 

4.06 Lb. Corn 
1.13 Lb. Lin- 
seed Oil Meal 

Average daily gain, each sow 

0.59 lb. 

0.78 Ib. 

0.67 ib. 

Average number pigs iartowed, 

each litter 

9.2 

10.1 

8.8 

Average birth weighty pigs 

1.85 lb. 

2.42 lb. 

2.22 Ib. 

Average birth weight, litters 

17.02 lb. 

24.441b. 

19.54 Jb. 

Vigor of pigs: 

Strong 

41% 

85% 

76% 

Medium 

35% 

5% 

15% 

"Weak 

20% 

5% 

5% 

Dead 

4% 

5% 

4% 


at weaning time probably would have revealed greater differences still. 

Pregnant sows cannot produce strong pigs and be in condition to 
nourish them, successfully when restricted to a diet of com alone. 
Com is a fattening feed; it does not contain enough of those food 
materials which make muscle and bone, that is, protein and minerals. 
The sows fed com alone received daily but little more than one-half 
as much protein from their ration as those fed either tankage or linseed 
oil meal in addition. To get the amount of protein sufficient to meet 
her needs, it would be necessary for a sow limited to corn alone to eat 
such a large amount that her ability to farrow and raise her pigs would 
be seriously jeopardized by excessive fatness. The quality of the pro- 
tems of com also is such that a given amount is less efficient in meet- 
ing the needs of the pregnant sow than the same quantity coming horn 
a combination of com and a protein supplement. 

Mother serious deficiency was the meager supply of calcium, as 
well as some other essential minerals. This -was one of the chief causes 
respon^ble for the lack of strength and development of the pigs at 
birth. The corn-alone ration contained but 0.02 percent of calcium, 
die com- ankage ration 0.63 percent, and the com-linseed ration 0.09 
percent. Only m the tankage ration was the supply sufficient. Some of 
iti I those belonging to the B complex group, were 

of why more serious consequences did 
not follow in he case of the sows fed corn alone, as well as in the case 
of those m the other two lou, is Umt the open lot afforded them the 
opportunity to supplement their mineral supply from the soil, and 
their stale of nutrition at the beginning of the trial must have been such 
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as to ensure liberal body reserves of protein, minerals, and vitamins. 

These observations concerning the nutritional defects of corn, when 
judged as a sole feed, apply with little modification to the other cereal 
grains, wheat, oats, barley, rye, and the grain sorghums. ' 

Bred gilts require a protein supplement. In Table 5 are summarized 
the results of experiments conducted by Vestal of the Indiana Station 
in 1927 and 1928, and Evvard of the Iowa Station,® in which a ration 
of grain alone was compared with grain supplemented with tankage 
for bred gilts during the winter. In the Indiana trials the grain was 
composed of two parts shelled com and one part whole oats, by weight, 
and in the Iowa trials ear com alone. The experimental rations were 
fed from the beginning of the breeding season until farrowing time. 
There were all together 5 1 sows involved in the tests. Opportunity to 
exercise at wUl was ensured in each experiment by giving the sows the 


liberty of open lots. 

Table 5. Grain Alone versus Grain and Tankage for Pregnant GUIs 
(Average 4 Experiments) 


Dailv Ration 

4.36 Lb. Grain 

3.81 Lb. Grain 
0.25 Lb. Tankage 

Feed fed daily per hundredweight of sow 

1.76 lb. 

1.59 lb. 
0.594 lb. 

Daily gain, each gilt 

Number pigs farrowed, each Utter 

7.74 

2.11 lb. 

7.81 

2.34 lb. 

Birth weight, pigs 

Vigor of pigs: 

62% 

86% 

Strong 

24% 

10% 

Medium 

10% 

2% 

Weak 

Dead 

4% 

2% 


As was the case with the yearling sows, in each of the trials here 
reported the gilts which received a small allowance of tankage pro- 
duced the heavier and stronger pigs. Also, they consumed less feed 
and made more gain during the period. In neither of the lots, however, 

were the results wholly satisfactory. i , j 

That the weight and strength of pigs at birth arc related to the r 
ability to survive and thrive later was shown m the Indiana tr aL, 
which were continued to include the nursing period. During this tune 
the sows of both lots were fed a good milk-producing ration composed 
of eight parts corn, two parts shorts, and one part tankage, w h acccs 
to rye pasture. The sows which had received the tankage during the 

•John .\I. Evvard, Proc. Am. Sac. An. Frml.. Dec.. 1913. 
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gestation period raised 82 percent of their pigs, the litters averaged 
136 pounds at weaning time, and the individual pigs 22 pounds; the 
sows which had only corn and oats raised 75 percent of their pigs, the 
litters averaged 101 pounds when weaned, and the individual pigs 17 
pounds. 

Corn and oats with and without tankage. From 1921 to 1928 Vestal 
of the Indiana Station fed one group of mature sows during the winter 
gestation period a ration composed of two parts shelled com and one 
part whole oats, and to another comparable group the same with 5 
percent of tankage added. There were a total of 32 sows which re- 
ceived the grain without the supplement, and 28 in the lot which re- 
ceived tankage in addition to the grain. The amount fed was limited 
so that the sows in both groups would be in medium condition at 
farrowing time. Liberal exercise was encouraged in both lots by locat- 
ing the houses at the far end of dirt lots which were about 100 yards 
deep. A summary of the results, representing averages based on the 
individual sow, is sliown in Table 6. 


Tabic 6. Adding Tankage to a Corn and Oats Ration 
for Mature Pregnant Sons 
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practically the same. So far as any effect which the rations may have 
had subsequently during the suckling period, also, there does not 
appear to have been any difference. The number and weight of the 
pigs at weaning time were very nearly the same. Both groups of sows 
during the nursing period were on rye or timothy pasture and were 
fed a milk-producing ration composed of eight parts com, two parts 
wheat shorts, and one part tankage, with minerals. 

Results obtained by Carroll of the Illinois Station ’’ with similar 
rations agree in general with those just reviewed. During one winter 
gestation period in this experiment seven sows were fed a ration com- 
posed of nearly equal parts ear com and oats, with a mineral mixture; 
a second comparable group of six sows was fed the same'ration except 
that each sow was given in addition about one-third pound of tankage 
daily. So far as could be judged by the weight and strength of the pigs 
at birth there was no evidence that the addition of the tankage was 
advantageous. 

That the sows fed com and oats alone during gestation were able to 
produce strong pigs despite a deficiency in the supply of good-quality 
proteins and minerals, especially of calcium and salt, and vitamins, 
must be attributed to the liberal rations and legume forage which were 
supplied to them during the preceding summer and fall, and to the 
improved rations fed during the lactation period. Also it should be 
noted that the sows were in dirt lots, had liberal exercise, were exposed 
to sunlight, and were in medium condition of flesh when they farrowed 
(see page 46). 

Com and oafs compared when properly supplemented. Oats are 
more bulky and less fattening than com and consequently are generally 
regarded as a safer feed for mature sows during the gestation period, 
especialiy when not fed with a protein concentrate. Experiments by 
Carroll of the Illinois Station » covering two winters and involving the 
use of 52 two-year-old sows, failed to show any important difference, 
however, when they were fed with fine-quality alfalfa hay and a good 
mineral mixture. In these trials the hay was fed in the long condition 
in racks. The mineral mixture, which was self-fed, was made up of 
two parts ground limestone, two parts deodorized bone meal, and one 
part salt. The results, which are shown in Table 7, represent the aver- 
age for the two experiments. 

In neither of the two experiments was there a significant difference 

'W. E. Carroll, A. H. Mimco. 3G, 1935. 

*W. E. Carroll, A. H. 314, 1935. 
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oT^Tm wasM daily. The large consumption o£ hay m both lots is to 
be regarded as an important factor m the results secured. 


Corn versus Oats, with Alfalfa and Minerals, for Mature Sows 


Daily Rations 


G.or S. Corn 5.37 Lh.. 
Alfalfa 1.45 Lb., 
Minerals 0.05 Lb. 


G. Oats 6.32 Lb., 
Alfalfa 1.41 Lb., 
Minerals 0.06 Lb. 


Initial v.clBht of sows 

Feed fed daily per hundredweight 

Total gain each sow during gestation 

Number pigs farrowed per litter 

Birth weight of pigs 

Vigor of pigs; 

Strong 

Medium 

Weak 

Dead 


450 lb. 
1.41 lb. 

76 lb. 
10.65 
2.76 lb. 


449 lb. 

1.69 lb. 
85 lb. 

9.90 
2.80 lb. 


In another experiment, Carroll » compared shelled com with ground 
oats tor pregnant sows during the summer on blue-grass pasture. Be- 
cause of drought, however, the pastures furnished little feed after July 
1. Each lot of 15 sows had a 2'/i acre field. A standard mineral mix- 
ture was self-fed in both lots and an amount consumed equivalent to 
about 2'A percent of the ration. Those getting corn received 0.75 
pound daily per hundredweight, and those getting oats 0.82 pound. 
Both lots of sows made the same daily gain in weight, which averaged 
0.36 pound. Although the pigs from the sows which were fed oats were 
slightly Iic.avier at birth — 2.77 against 2.69 lb. — the pigs from the 
cora-fed sows had a slight advantage in vigor. 

The same investigator also compared ear corn with a combination 
of car com and whole oats, about equal parts of grain by weight, for 
2-\ear-old winter-pregnant sows numbering 13 in each lot. Boih 
rations included a small amount of tankage, 0.29 and 0.28 pound, 
respcctiscly, for each sow daily, alfalfa hay supplied in racks (of which 
they ate little), and a good mineral mixture. The results at farrowing 
lime, as shown by the number, sire, and sirenglh of the pigs, were such 
as to warrant the conclusion that the rations were equally satisfac- 


•W. C. Csiiul!. A II. 31*. 1135. 
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• Alfalfa hay demonstrates its value. The early experimental studies 
of Snyder of the Nebraska Station “ demonstrated the practical value 
of alfalfa hay for the winter feeding of bred sows and gilts in reducing 
feed costs and promoting thrift. His results, together with those of 
similar later studies by other investigators, have suggested the probable 
presence in fine-quality leafy alfalfa of unidentified food factors of high 
nutritional value. In each of five winters he fed an average of 24 bred 
gilts one part of chopped alfalfa hay mixed with two to three parts of 
grain. As much of this mixture was fed as the gilts would clean up, 
which method was equivalent, in effect, to self-feeding. When the gilts 
showed evidence of becoming too fat, the proportion of gram was 
reduced and the alfalfa increased. The interesting details of this plan 
of feeding, and the average results, are shown m Table 8. The figures 
for the individual years are, of course, not comparable with one 
another. 

Tabic 8. Wintering Bred Gilts on Grain and Chopped Alfalfa Hay 


Corn, 

Barley, 

Chopped 

Alfalfa 

Hay, 

1909-10 

Corn, 

Barley, 

Rye, 

Wheat, 

Chopped 

Alfalfa 

Hay, 

J9I0-II 

Corn, 

Chopped 

Alfalfa 

Hay, 

1911-12 

Corn, 

Chopped 

Alfalfa 

Hay, 

1912-13 

Wheat, 
Chopped 
Alfalfa 
Hay, 
Alfalfa 
Hay in 
Rack, 
1913-14 

A\ erase 

5 Years 

1.90 

1.52 

1.75 

1.90 

1.90 

1.79 

4.12 

3^8 

4.07 

4.69 

4.61 

4.29 

1.28 

2.01 

1.64 

1.60 

1.66 

1.64 

156 

201 

188 

181 

166 

178 

0.96 

0.97 

0.71 

0.88 

1.08 

0.92 


Pounds of grain fed 
daily per hundred- 
weight gilt 

Pounds of grain fed 
daily per gilt 
Pounds of alfalfa fed 
daily each gilt 
Weight of gilts begin- 
ning of experiment, 
lb. 

Daily gain each gilt, 
lb. 


Tu . r <• followed in these demonstrations ensured 

The system of feeding „,i,cr heavy llesh at farrowing time. 

large gams and the gilts were n 

From the standpoint bo'h of I sported as salisfaelory 

quality of the pigs “ Ls pigs were produced and 

m all years. Rather large litters oi 6- t 

no trouble occurred at farrowing time. 


W. P. Snyder, Bui. 1*17» 1915* 
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Altalta lr.iv alone for olnUtins iiulutc mim*. f l;r of 'am- 

iciinu lU.iUirt; jirc^-iiiatu vn .iU.Ufa H.»y ‘.wjil'.nut yrum 
in liircc cxpcrlnicius hy SnxJcr of ihc Nt’llh VlMlc, Nclu,nV.i. Su- 
lion ” ;»nd ii) ttriiuci .nul *l:c Si-iiumJ' 

In each of the U\c u'laK one civ'up oi live \\,i\ feU .iSfaJ.i tuy in 
an Ui>cn rack uiih ^hcUccl or car com in aiMtilon, 'I he aaauint i>f com 
fed was limited to one i^nind daily fi»f each i(Vi:idiedtHci[.’hl of ^o>«. 
The amount of the rations con-.uiued and the rc^u!l%. u} far as they 
attecied the number and wc(;^hi of the j'i;> fairo-vcd, are sumnuii/ed 
in Table 1). 


Table AKjUu Hj) 

Alone for htr,:tunl 
:r S Jliptfitnci'.stf 

.Mature .Son« 

HiilUitti 

//iiv If] /C.,« t 

//oy i 

/S Ci'fn 

Number of sov.\ 

:5 

25 

Daily consumption of alfalfa 

5.1$ lb. 

'JO lb. 

Daily coiwuinplion of corn 

Jniliai weight of sous 

341 lb. 

4.05 lb. 

}M, lb. 

Weight of so\ss just before 
farro\slng 

321 lb. 

37i; lb. 

Gain during gestation period 

-20 tb. 

40 lb. 

Number pigs hirrosscd per liner 

8.15 

8.30 

Birth NS eight of pigs 

2.29 lb. 

2.4t» lb. 


The results from the individual experiments quite uniformly agreed 
with the averages as given in the table. The firM item of interest is the 
figure showing that the sows which received no grain consumed, on 
the average, 5.15 pounds of alfalfa hay daily. The largest amount eaten 
in any experiment was 5.78 pounds and the smallest 4.03 pounds.. As 
a result of its high fiber and low energy content, however, there were 
not sufiicient nutrients available to maintain the weight of the sows, 
which lost 20 pounds caclt during the gestation period. Those getting 
corn in addition to alfalfa gained 40 pounds each. The consumption 
of hay in this lot ranged from 1.49 to 2.99 pounds daily. Although the 
hay consumed by the sows on alfalfa alone furnished practically as 
much protein and more lime than the com-aifalfa ration, the total 
digestible nutrients contained amounted to but little more than one- 
half that supplied in the latter. The pigs produced by the sows which 
received alfalfa alone were light in weight but strong, and Snyder 

« W. P. Snyder, But. 162. 1917. 

“M. F. Grimes and H. H. Havner, Bui 168, 1921. 
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reported that the sows raised their pigs as well as those that had been 
fed com in addition. 

The results clearly indicate, however, that pregnant sows cannot 
obtain from alfalfa hay alone sufficient nourishment for maintenance, 
to say nothing of providing a reserve in flesh to help support the later 
demands of milk production. When it is remembered that the sow 
will lose from 30 to 50 pounds in farrowing, and that full rations are 
usually insufficient to prevent a further loss during the nursing period, 
it would appear that such restricted feeding during gestation is strongly 
to be advised against, except in situations of dire necessity. Such sows 
cannot be expected to continue to function as breeders without allow- 
ing them considerable time out for recuperation. 

Replacing tankage with alfalfa meal. Freeman of the Michigan 
Station 1= divided the entire herd of sows and gilts into two equal 
groups and studied experimentally the possibility of substituting 
ground alfalfa hay for tankage during the winter gestation period. In 
these trials the grain consisted of two parts ground com and one part 
ground oats. Lot I was fed in addition an allowance of tankage, which 
amounted to 5 percent of the ration. Lot II was fed ground second- 
cutting alfalfa hay in place of the tankage. The amount of hay given 
was such as to constitute 20 percent of the ration. The feeds of each 
ration were mixed and fed by hand in amounts to have the sows in 
both lots in the same good condition at farrowing time. 

From a preliminary compilation of the results, the author concluded 
as follows: “The average results per litter were very close together 
for the first 13 litters from the tankage-fed sows and 17 litters from 
the alfalfa-fed sows. The percentages of strong, medium, weak, and 
stillborn pigs from the two groups were nearly equal. The average 
weight per pig from the alfalfa-fed sows was 2.90 pounds compared to 
2.77 pounds for tankage and the litters from the alfalfa fed sows were 
slightly larger.” The feed cost per sow for the 100 days of the gesta- 
tion period was $5.61 for the sows fed tankage and $4.74 for those 

fed the alfalfa. _ . j 

In two experiments at the Pennsylvania Station, Grimes and 
Havner studied the possibility of replacing tankage with alfa fa hay 
when the latter was fed in the long condition in a rack. In all, 10 ma- 
ture sows were fed during the winter gestation period a ration of 
shelled com and alfalfa hay in a rack. One pound of com m this 


■■ V. A. Freeman, Exp. Sta. Rpt.. June. 1934 and Lciicr, Feb., 1935, 
■•M, F, Grimes and H. H. Havner. Bui. 168. 19-1. 
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ration was fed daily to each hundredweight of sow. A second com- 
parable group of sows was hand-fed a combination of 10 parts shelled 
com and one part tankage. The sows getting alfalfa were fed 2.08 
pounds of hay and 4.08 pounds of com daUy. Those receiving the 
tankage ration were fed daily 5.91 pounds of com and 0.58 pound of 
tankage. The authors concluded that these rations were about equally 
satisfactory, although the maintenance cost was less with the alfalfa 
ration. 

In the same experiment another comparable group of sows was fed 
a grain mixture of equal parts com meal, ground oats, and wheat mid- 
dlings. This ration did not prove superior to either of those just studied, 
and was more costly. 

Protein concentrates not so necessary with alfalfa hay. The question 
whether bred gilts require a protein concentrate when alfalfa hay is 
fed was studied experimentally by Morrison and associates of the 
Wisconsin Station and Carroll of the Illinois Station. At both sta- 
tions the alfalfa was of fine quality and fed in the long condition in 
open racks. The amount fed, some of which was wasted, averaged 
0.86 pound daily in the Illinois trials, and 0.48 pound daily in the 
Wisconsin trials. In each experiment one of the two comparable groups 
of gilts was given a small feed of tankage, amounting on the average 
from 0.25 to 0.30 pound daily for each gilt. Ear com was the grain fed 
in the Wisconsin trials and equal parts of ground com and ground 
oats in the Illinois trials. The amount of grain fed during the winter 
was regulated by the weight and condition of the gilts. Approximately 
two pounds of concentrates were fed daily for each hundredweight. 
The gilts weighed between two and three hundred pounds when the 
experiments began. A good mineral mixture was self-fed to both 
groups in the Illinois trials. At both stations all groups had the free 
range of open lots for exercise. 

The Wisconsin results, which are based on four years’ work, were 
favorable to the use of the tankage supplement, although they were 
fairly satisfactory on the com-aifalfa ration without the tankage. The 
gills which received the tankage, however, produced slightly heavier 
and stronger pigs. In the Illinois trials 15 gilts in all were fed tankage 
and 1 5 the com, oats, and alfalfa-hay ration with minerals alone. The 
latter consumed slightly more alfalfa than did those getting tankage 

“ F. U. Morrison. But SOQ, 1928. 

” W. E. Carroll, A. II. Mimeo. No. J14, 1955. 
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in addition. In these trials the results, so far as the weight and strength 
of the pigs produced, are concerned, were practically identical. 

It would appear from these experiments that the safety of a ration 
of grain and alfalfa hay without a protein supplement for bred gilts 
during the winter would depend principally on the quality of the hay 
offered, the supply of minerals, and the care which is exercised in 
limiting the amount of grain fed. When as much as three-quarters to 
one pound of hay is consumed daily by each gilt, and a mineral mix- 
ture is provided, it is a question whether a protein concentrate would 
be necessary. Usually, however, the hay is not of a quality to ensure 
as large a consumption as this. Although alfalfa is fairly rich in calcium 
and the other mineral elements, gilts not receiving an animal supple- 
ment like tankage, fish meal, buttermilk, or skim milk should be pro- 
vided with a mineral mixture in the self-feeder, even when the hay is 
of the best quality. With plenty of range and an open winter, however, 
they seem to be able to obtain sufficient of these elements from the 
soil to escape any serious deficiency. _ 

Five per cent of alfalfa meal insufficient during gestation. Early 
studies by Hogan of the Missouri Station ” showed that confined sows 
fed a ration containing 5 percent of alfalfa meal raised only 51 percent 
of their pigs, while those sows which received the same basal ration, 
but with 15 percent alfalfa meal, raised 81 percent. 

Experiments at the Wisconsin Station demonstrated that confined 
sows failed to reproduce normally when fed during the gestation period 
a ration of 82 percent yellow com, 11.5 percent soybean oil meal, 5 
percent ground alfalfa hay, 1 percent limestone, and 0.5 prcent salt. 
When the alfalfa was increased to 15 percent, replacing the com, the 
sows weaned twice as many pigs and the litters were 2 percent eavier 
at weaning time than those from the sows which received only 5 per- 
cent alfalfa. When gilts from these sows fed the 5 percent alfalfa ration 
were continued on this diet, the effects were even more pronounced 
than in the first generation. These results were confirmed by later 

studies at the same Station. ,, j u i 

Workers at the Illinois Station also report that a so-called bal- 
anced ration of ground yellow com, expeller soybean oi mea , p^ 
cent alfalfa meal, minerals, and vitamins A and D was found to be 

■■o. Rp'hmi "“a G. Bohslcdl. r. sc. A^s.. VC. 1. NO. 4. 

'’”i. L. Krider, L. V. Curtin. H. D. Wallace. S. W. Terrill. Mimeo. A.S.Ib. 1948. 




Fij;. 8, Showing conlrast in the results at weaning time of feeding the 
mothers during the gestation period 5 percent of alfalfa meal (upper) as against 
15 percent (lovscr) (courtesy, Dr. G. Bohsieitt, Wis, Agr. E,\p, Sia.). 


nutritionally inadequate for gestation and lactation under dry-lot con- 
ditions. Gilts fed this ration weaned only 26 percent of their pigs, 
which averaged only 17 pounds at eight weeks. When 10 percent of 
dehydrated alfalfa meal was added to the above ration, making 15 
percent, comparable sows weaned 9.8 pigs per Utter, or 91 percent of 
those farrowed. 

Frcge-slaliou rations affect farro^^ing rc.sul(s. Vestal and associates 
of the Indiana Station planned an experiment in which the pregesta- 

’•C. .VI. VcMal. W. M. llccvun, F. N. Andrews, L. M. Hutchings, and L. I*. Doyle, 
Miincos. 27 and 34, 1947 and 1948. 
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tion as well as the gestation period was considered in the feeding pro- 
gram. Spring-farrowed gilts were divided into three equal lots soon 
after weaning and fed the test rations shown below. 

Lot I, in dry dirt lot, received the basal ration only. 

Lot II, in dry dirt lot, received the basal ration only in the first ex- 
periment, and 5 percent of alfalfa meal in the second. 

Lot III received the basal ration only on alfalfa pasture. 

The basal ration was composed of ground yellow corn, soybean od 
meal, steamed bone meal, pulverized limestone, iodized salt, and con- 
centrated cod liver oil, the proportions of corn and soybean oil meal 
being varied so that each group received approximately the same 
amount of protein. After breeding, in November and December, the 
gilts remained in the same lots and were continued during gestation on 
the same basal rations with the following additions: Lot I, basal ra- 
tion only; Lot II, basal ration plus 15 percent alfalfa meal. Lot III, 
basal ration with winter alfalfa pasture. These gestation rations were 
continued in the respective lots until one. week after farrowing when 
they were fed a milk-producing ration composed of com, oats, pro 
tein, and mineral supplements on rye pasture. The results in breeding 
failures, and number and weight of the pigs farrowed and weaned per 
litter are averaged for the two years and shown in Table 10. 


Table 10. Alfalfa versus No Alfalfa during Prcgestafioa and Gestation Periods 
of Gilts 


(Average 2 Experiments) 



Loti 

Basal 
Dry Lot 

Lot II 

Basal + 0 and 
5% Alfalfa in. 
Dry Lot 

Lot in 

Basal + 
Alfalfa Pasture 


Basal 
Dry Lot 

Basal + 75% 
Alfalfa m. 
Dry Lot 

Basal + 

A Ifalfa Pasture 

Number gilts bred 

Number gilts farrowed 

Number pigs farrowed per litter 
Birth weight of pigs, lb. 

Percentage stillborn and died first 
3 days , , 

Number pigs weaned per surviving 
litter 

Weight at weaning, lb. 

Number pigs weaned per gilt 
farrowed 

26 

23 

7.8 

2.36 

30 

5.4 

23.1 

3.57 

26 

23 

9.4 

2.40 

15 

7.1 

24.5 

6.83 

26 

22 

8.3 

2.59 

10 

6.6 

25.2 

6.6 
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The number of gilts which failed to settle during the breeding season 
was about the same, namely, three, three, and four in the respective 
lots. Those getting alfalfa meal or alfalfa forage farrowed larger litters 
of pigs, which were slightly heavier in weight at birth. Fifty-four per- 
cent of the pigs farrowed by the gilts which received the basal ration 
only were dead at birth or died before weaning; those which got alfalfa 
meal or alfalfa pasture in addition to the basal ration lost 31 and 21 
percent, respectively. Eight of the 23 gilts on the basal ration only lost 
all their pigs; those which received alfalfa meal lost one complete litter, 
and those on alfalfa pasture lost none. The cumulative effect of all 
these losses is shown by the number of pigs weaned per Utter farrowed. 
The gilts which received either alfalfa meal or had alfalfa pasture 
raised nearly double the number of pigs per litter than those that had 
been fed the basal ration only. 

In the first of these two experiments the gilts in Lot II received 
during the growth or pregestation period the basal ration only; in the 
I second. Lot II received in addition to the basal ration 5 percent of 
alfalfa meal during this period. Although the results for the two years 
ate not exactly comparable, it is permissible to note that when limited 
to the basal ration only during the pregestation period the gilts of 
Lot II lost 46 percent of their pigs, raising only 5.8 per litter farrowed, 
while when 5 percent of alfalfa meal was fed during this time the gilts 
of Lot II lost only 16 percent of their pigs, raising 7.5 per litter far- 
rowed. Gilts that have been properly fed during the growth or pre- 
gestation period are much less likely to suffer from defective rations 
fed during gestation; and the best of conditions and feeding during 
gestation cannot overcome completely the carry-over effects of defec- 
tive rations fed during the previous growth period. 

Other legumes valuable for winter feeding. Although alfalfa is some- 
what more palatable, greener, and more richly endowed with protein, 
minerals, and vitamins, other legumes, such as the clovers, soybean, 
and cowpea hay, when of good quality, may be fed to pregnant sows 
and gilts during the winter with the expectation of nearly the same 
benefits. Ten pounds of alfalfa leaf meal, because of its lower fiber 
content and richer supply of proteins and vitamins, will take the place 
of 1 5 pounds of good-quality alfalfa meal. 

Green forage crops are of highest value. There is no surer or more 
practical way of ensuring a supply of those food factors commonly 
missing in many so-called good gestation rations, the absence of which 
arc responsible for a large share of baby pig losses, than that of pro- 
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viding green forage crops for winter grazing. Only in their absence, or 
partial absence, is it necessary to incorporate alfalfa or other legume 
hay in the ration. One of the most important advances in better feeding 
prLtice that has been made in recent years has resulted from the effort 
to provide as nearly as possible summer grazing conditions during the 

winter months. . j -.t. 

Winter grazing can be provided by the southern pork producer with 
little difficulty. He has available a variety of legumes and grasses from 
which to choose, such as, alfalfa, clovers, soybeans, cowpeas vetch, 
rye, Sudan, barley, oats, bermuda grass, rape. Because of the large 
proportion of white to yellow com in the South, the need for vitamin 
A, abundantly supplied by green forage, is more critical than in the 
North. Probably the best late-fall, winter, and early-spring forage n 
the North is Balbo rye. It stays green, is unusually palatable, and is 
a heavy yielder when grown on good soil. Knder and associates at ffie 
Illinois Station demonstrated experimentally that 
pasture during the winter produced a high percentage of strong pig, 
Ld that the residual or carry-over effect was 

confined to the dry lot and fed only the vitamin-deficient basal ration 
during lactation, weaned 90 percent of their pigs, whereas those gdts 
that had received only the basal ration during gestation and lac ation 
weled on^ The gilts would root in the snow to obtain the 

tL ™1ue of an alfalfa pasture for winter grazing of bred sows was 
Shown in the “of 

wheat also will often supply valuable grazing during the winter and 
earlv snrintz without damage to the subsequent crop. 

state of health or thrift. . nr^rioH Aubcl 

and associates ot Heterminc the effect on farrowing and wean- 

one with yearling sows, to deierniin ocsialion and 

ing results ot adding fresh wheat-germ meal to a ^^1 ge ta.ion an 

lactation ration of ground yellow com 75 percent, tankage 10 percent. 

■■ C. E. Aubcl. J. S. Ilughcl. auJ H. F. UcnhcUl. Tech. Bui. 31. 193- 
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alfalfa leaf meal 10 percent, bone meal 5 percent, salt and cod liver 
oil; Wheat germ is known to be a rich source of several nutritionally 
important factors, such as vitamin E and several of the fractions of 
the B-complex vitamins. In the test ration 10 percent of wheat-germ 
meal replaced an equal amount of com. The authors reported that the 
results were not strikingly different in the two lots, although the sows 
which received the wheat-germ meal farrowed slightly more live pigs, 
raised a higher percentage, and were somewhat better milkers. 

Calcium important during pregnancy. The failure of sows to raise 
their pigs is often the result of an insufficient supply of minerals in the 
ration fed during the period of pregnancy. This is especially true in 
the case of the element calcium, which is found in very meager 
amounts in the cereal grains and which, with phosphorus, is the chief 
element employed in the growth of bone and the manufacture of the 
casein of milk. 

Evans of Cambridge University maintained mature sows through 
several successive gestation and lactation periods on a ration which 
was adequate in all respects except in its supply of calcium. During 
this time the sows were kept in concrete-paved pens under strictly 
controlled conditions. On this ration, which contained but 0.034 per- 
cent of calciupi, 7 litters of 76 pigs were farrowed. Of these, 52 were 
alive at birth, and 34 dead; only 10 of them lived to weaning time. 
One sow raised 4 pigs which averaged 18.78 pounds at weaning time, 
and another raised 6 which averaged 9.62 pounds when weaned. 

The typical manifestations from the calcium-deficient rations were 
described by the author as follows: 

(1) Rough, scaly skins, dirty in appearance. (2) The pigs were periodically 
‘off ihcir feet' with their legs bendintf inwards, and developed what appeared to 
be characteristic signs of rickets. (3) The sows often refused their food towards 
parturition, this indicating nutritive disturbances. (4) They had great difficulty 
in farrowing and could not stand on their feet for two or three days afterwards. 
(5) No signs of milk could be seen before or after farrowing, and their udders 
were very flabby especially in comparison with the normal sows. ( 6 ) Very few 
pigs survived at weaning time and even the few left made very poor live weight 
gains. It should be observed, however, that the sows themselves when they 
farrowed appeared to be in good condition. 

From a comparable group of sows similarly treated and fed the 
same ration supplemented by the addition of I Vd percent of ground 
liincstonc (S5 percent CaCO.i), normal results were secured. The 

“R. E. Esam. Vaar. .Ijr, Scl., Vol. 19, 1929 . 
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amount of calcium contained in this ration amounted to 0.59 percent. 

Similar disastrous results are reported by Hogan of the Missouri 
Station, “3 who fed a ration about equally deficient in calcium to gilts 
throughout the gestation and lactation periods. From experiments 
covering several years he concluded that rations for brood sows should 
contain not less than 0.40 percent of calcium. 

Feeding experiments supplemented with chemical studies of the 
products of pregnancy by Hart and associates of Wisconsin, Mitchell 
and associates of lUinois,^^ and Evans of Cambridge University 
indicate that for good nutrition during the gestation period the ration 
for the pregnant sow or gilt should contain from 0.40 to 0.56 percent 
of calcium. This is approximately the same as the amount recom- 
mended for the growing pig (see page 170) . This supply would appear 
to be sufficient not only to provide for the demands of the foetal litter, 
but sufficient also to ensure a large body reserve to serve the later 
demands of milk production. That well-fed sows do store large re- 
serves of calcium during pregnancy was shown by the studies both of 
Mitchell and Evans. 

The latter calculated that the mature sows fed the calcium-nch 
ration in his experiments stored in their own bodies during gestation 
four times the amount which was deposited in the foetuses. Mitchell 
estimated that the dry ration of pregnant gilts weighing 250 pounds 
should contain 0.22 percent calcium during the eighth week of gesta- 
tion and 0 43 percent during the sixteenth week, assuming an ade- 
quate supply of vitamin D. As gestation advances, the need for calcium 
increases relative to the demand for phosphorus. During the sixteenth 
week the most ideal calcium-phosphorus ratio was estimated to be 1. 
to 1, while during the eighth week it was 1.1 to 1. 

Although the sow requires about the same amount of phosphorus as 
calcium to meet her needs, the relative abundance of this clement m 
the cereal grains and protein supplements, although of low availability, 
especially in the presence of an excess supply of calcium, makes it 
unnecessary as a rule to incorporate special phosphorus-carrying in- 
gredients in the mineral mixture. 

Common salt is essential. Next to calcium, common salt is the 
mineral most likely to be sopplied in insuiricicnt amounts. That its 


^A. G. Hogan, Res. Bui. 167, 1932. 

“Res. Dul. 30, 1914. 

“Bui. 375, 1931. 

“!k H. M/;ch'cU°and1rj. m'ccT.::.. Uk Kev CoenC. .937, 
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use in regular and moderate amounts is essential to health and good 
breeding performance is assumed by all breeders and students of 
nutrition. 

In experiments by Evvard and associates of the Iowa Station 
with yearling-bred sows it was estimated that they consumed during 
the winter an amount of salt equivalent to 0.25 percent of the dry 
ration. Evans found that normally fed sows in his experiments re- 
tained in their bodies approximately 1% times as much calcium as of 
common salt. From what is known concerning the requirements of 
the growing pig, also, it may be concluded that salt should make up 
one-Soiirtii to one-third of the usual calcium-rich simple mineral 
mixture. 

The most practical method of feeding salt is either in a simple min- 
eral mixture, such as one part of limestone dust, one part of steam 
bone meal, and one-half to one part of salt; or by itself, in a second 
compartment of the mineral feeder. Pressed block salt is not suitable 
because of the difRculty which hogs have in eating it. 

Iodine prevents hairless pigs. Another mineral element of economic 
importance is iodine, because of its relation to “hairlessness” in young 
pigs. In the so-called goiterous or semigoiterous areas of the North 
and Northwest, in the region of the Great Lakes, because of a natural 
deficiency in the iodine content of the soil, the young are frequently 
bom with “big-neck” or goiter, the result of, or an accompaniment of, 
an enlarged thyroid gland. In the case of pigs, they are born practically 
bald and without hair; the skin of the neck and face is thick and puffy, 
and the thyroid gland is enlarged from the irormal size of a pea to 
that of a hickory nut. The mothers of such pigs also have an enlarge- 
ment of the gland, to the size of a man’s fist, but the general health 
of the sow apparently is not affected. Pigs so born are dead at birth 
or die soon after. Sometimes only part of the litter is afflicted. The 
malady is more common in spring- than in fall-farrowed litters, and 
more likely to occur following a long severe winter than an open one. 
The pigs arc of normal size and weight and are always carried full 
time or over. 

Hairlessncss Can be prevented by supplying the pregnant mother 
minute quantities of potassium or sodium iodide. Welch of the Mon- 
tana Station successfully prevented the trouble in 23 herds, in most 

“John M. Evvaril. I W. Wallace, and c. C. Culbertson. Bui. 245. 1927. 

■'R. E. Evani. Jr. a! ,<sr. Sci., VoL 19 19->9 

“ IL Welch, But. 119. 1917. 
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of which the malady was common the previous year, deeding 2 to 3 
grains of potassium iodide daily to each sow during 100 days of the 
gestation period. A tablespoonful of a solution made by dissolving 1 
ounce of fhe salt in 1 gallon of water contains about 2 grains and is 
equivalent to a daily dose. Kalkus of the Washington Station e- 
pLed that enough iodine would be absorbed through the skin to pre- 
Lt its occurrence when 1 cubic centimeter of Uncture “ne wa 
poured on the back of the sow once a week dunng pregnancy. Later 
Ldies indicate that as little as 1 to 2 grams of ^ee^ ^ 

during the last three-quarters of the 

prevent the trouble. The practical solution of the P^^Iem of preven 
don is simple: feed stabilized iodized fl“ke sa t ms ead of straight rah 
in all goiterous and semigoiterous areas. e c o i 
tion“ says- “The repeated occurrence of goiter on farms ivhere the 
pressed Jocks of iodized salt are used jndicates that this type of salt 

is not satisfactory for goiter prevention. n„ces- 

There are a dozen and more mineral elements known ^ 

u . rtf «tk^.ine but with the exception of thobe just 

sary in the nutntion of «cll-balanced 

discussed, there is no convmcin-, cvidcn 

“J. W. Kalkus. Bui. 153. 1919. 

“Howard Welch. Cir. 160, 1940. 
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ration made up mainly of farm feeds grown on soil that is not markedly 
deficient in any one element will not provide them in adequate 
amounts. 

Concerning the inclusion of iron in the mineral mixture during 
pregnancy with the idea of minimizing the danger of anemia in the 
young pigs after birth, Mitchell and McClure of Illinois University 
have this to say; “The nutrition of the sow prior to or during lactation 
is entirely unrelated to the occurrence of nutritional anemia in her 
pigs except as the pigs may have access to and consume the sow’s feces, 
because neither the iron content of the ration nor the copper content 
appears to affect the concentration of these metals in the milk pro- 
duced by lactatlng animals.” 

Vitamins necessary for reprodnction. Vitamins represent a class of 
little-known chemical food factors, separate from the carbohydrate, 
fat, protein, and mineral classes of nutrients, which ate required in 
minute amounts for the support of some phase of animal life. They 
do not constitute a direct source of energy nor do they supply materials 
for tissue growth but exercise their influence apparently through cata- 
lytic and other effects on certain of the chemical processes of metabo- 
lism. Fifteen or more of these factors have been identified and their 
nutritional importance investigated. Most of them are contained in 
natural feedstuffs in amounts sufficient for growth and reproduction. 
Many of the manufactured by-product feeds, as well as the cereal 
grains, however, are notably deficient in some of them. One of these 
is vitamin A. 

While corn is deficient in vitamin A. At the Illinois Station Rice and 
associates compared white with yellow com for yearling and two- 
year-old sows. Starting at breeding time, early in December, one group 
of four sows was fed yellow com and a comparable group white corn. 
In addition, each lot received tankage and either yellow or white com 
bran. The sows were confined to open dry lots and were rebred as soon 
as possible after weaning their pigs. The experiment, beginning with 
four sows to each lot, was continued through several successive gesta- 
tion and lactation periods with a diminishing number of sows. The 
purpose was to determine how soon and to what degree the vitamin A 
deficiency in the whiic-com ration would affect the ability of the sows 
to reproduce and nourish their pigs. 

From this study ih^ authors concluded as follows; “Brood sows 


Bui. 99. Nat. Res. Council, 1937. 
•John Ricc. It. n. .'Iilchcll, anu R. j. I „;hln Bui. 2SI, 1926. 
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raised upon well-balanced rations may withstand the ill effects result- 
ing from the deficiency of vitamin A in white com rations for two 
gestation and lactation periods, though eventuaUy their fertility is 
impaired. Furthermore, pigs farrowed in the first two Utters on white 
corn feeding may grow as rapidly during the suckling period as other 
pigs farrowed from sows subsisting upon yellow com rations. Evidently 
enough vitamin A is stored in the sow during a protracted period of 
adequate feeding to supply the requirements of two litters of pigs up' 

to weaning time.” . 

Martin of the Arkansas Station “ found that well-grown gilts were 
unable to raise their pigs when fed a ration of white corn and tankage 
during the gestation period. During two years, six gilts which had been 
on this ration from breeding to farrowing time gave birth to 52 ap- 
parently normal pigs, but only four of these lived to weaning age. 
Most of the pigs were dead by the end of the first week after birth On 
the other hand, when chopped or ground alfalfa hay was added to the 
white-com-tankage ration in an amount to constitute from 10 to 15 
percent of the ration by weight, normal results were secured. Tomhave 
of the Delaware Station concluded from experjments with bred 
sows that alfalfa leaves supply some food essential that is lacking in 
ration of white com, tankage, and minerals. 

Studies by Hughes and associates of the Kansas Station show 
that when the feeding of a vitamin-A-deficient ration beg^ 
after weaning, the ability of gilts to reproduce is ‘“P The 

In this test there were eight gilts in the experimental Jhe 

vitamin-A-deficient ration was compose o percen w 
kafir, 10 percent tankage, and 3 percent 

confined to open cement-paved lots connected with a j” ^eUen 

Significant points in the results observed may be ™“™^ated as 
follows; In due time hve ot me eigm. y* 

though apparently in heat, would not take the boar. Of five wh>ch 
were bred! one sow aborted six dead pigs 86 days 
another sow aborted nine pigs 87 days after a th rd gave 

birth to ten dead pigs at the normal time, and another died nine days 
before she was IJ .o farrow. Postmortem °f ‘h.s sow showed 0 
apparently normal foetuses in the uterus. The fifth ‘ 

d;!s after breeding for experimental examination, at which time the 

“Edgar Marlin, Proc. Ant. Soc. An. ProJ., Jan., 193 

“A. E. Tomhave, Dul. 147. 19-6. i,-nhardl Tech. Bui. 23. 1928 

“J. J. Hu&hcs, C. E, Aubcl. and II. t- Licnnarui. icc 



Fltf. 10. \Mtafiiin A Is ncccss3r>' for reproduction (Kansas /i.tp. Sta., Ti’ch- 
Uiit. :3>. 

Upi’f'! I’rcgnutn sow No. 13 in ihc Kansas experiment, showing pronounced 
muscular inc<>orJin.ilion after 356 Jays on a silarntn-A-dcftcicnl ration. 

.V/iJ.i/*'.' Partially revothed foetuses t.aLcn from above sow on posMnoricm 
cs.inunatlon 81 after she was due to farrow. 

/.«»»* ff.* Pus VJ-* haJ been fed the \.ime silarnin-A-dcficicnt ration as No. 13 
above, but vvuh Uic addition of 10 percent prime alfalfa meal. 
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uterus contained six partially resorbed foetuses. The authors con- 
cluded, in view of the negative eharacter of the tests for contagious 
abortion, that the lack of vitamin A in the diet was responsible for 

the disastrous results noted. , . , . 

Hale of the Texas Station “ demonstrated the relation between a 
vitamin-A-deficient diet and blindness in pigs. He found that when 
gilts were fed a vitamin-A-deficient ration for a period long ^noug 
to deplete their vitamin A body reserves by the time they were bre^ 
and for 30 days after breeding, the pigs were bom blind or were without 
eyeballs. The pigs appeared normal in other respects, but most of them 
did within a few minutes after birth. Subsequent ^ree^mg tests howed 
that the eyeeondition was not the result of a hereditary defect m the 

experimental animals. . ■ * 1 , 

Barley is deficient in vitamin A. Two experiments covering three 
years by Hughes and Hart of the California Station showed that the 
Lrotene or vitamin A content of a ration made up o 96<^ percen 

rolled barley, W 2 percent casein, 1 percent common salt and Iperc^t 

calcium carbonate was insufficient for growt an repr . ' 

spring gilts were placed on this diet under controlled conditions soon 
after Aey were weaned. The following autumn every 

to breed them. One gilt only became ^ 

t. j A opsfation There was therefore lot) perceni 
were resorbed ^urmg gestetiom in 

failure to secure reproduction. This same ration, wu 

meters of cod liver oil daily, was fed to a comparable group oj^s^ 

gilts at the same time. In two years this 8™^ ? ® jj 

ration during the entire time, produced 10 

classified as Long and 3 as weak. Results from 

showed normal reproduction also when 10 percent of chopped alfalfa 

hay was included in the ration. lu th-ii hnd been 

In the Illinois trials yearling and two-year-old sows that had been 
in tne Illinois “ j' u5gd. Furthermore, experimental 

well grown on complete rations were 

feeding did not commence until ine rpccrves In 

their bodies presumably were well fortified wnh vitamin A ^s. ' 

the Kansas Ld California trials, on ®‘gh, '^hh 

started on the experimental “in",vcre probably exhausted 

the result that their g ,he more prompt and 

by the time they were bred. These 
Striking manifestations of vitamin A 
in the latter studies. 


‘•Fred Hale. 47lh An. Upt.. 1932-35. 

»»E, H. Hughes and G. H. Hart. Af:r. Kes.. 


JO N'o. 
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were fed during the gestation period a ration composed of yellow 
com, tankage, linseed oil meal, fine alfalfa meal (5 percent), cod-liver 
oil, and a suitable mineral mixture. The sows were on concrete and 
green forage was excluded. On this ration the pig losses were heavy 
and the surviving pigs small and unthrifty. When this ration was 
supplemented during the last two months of the gestation period by 
adding sources of several of the B-complex vitamins, there was an 
improvement in the results. - 

Similar studies of gestation rations at the Wisconsin, Illinois, and 
Indiana Stations, which have been reviewed in this chapter in relation 
to alfalfa feeding, showed that a marked reduction in baby pig losses 
was effected by increasing the amount of' alfalfa meal from 5 to 15 
percent, or by providing green forage. Since the supply of vitamins A 
and D, as well as of the proteins and minerals, m the basal rations was 
adequate, a large part of the improved farrowing and weaning results 
must be attributed to some or all of the vitamins of the B-complex 
group contained in these two natural feeds. 

Rich sources of the more common B-complex vitamins, extensively 
employed in the manufacture of commercial vitamin supplements, are 
the dried fermentation solubles, such as dried distillers solubles, dried 


brewers’ yeast, and condensed fish solubles. 

Vitamin B„ related to pig survival. There now is evidence, however, 
that feeding as much as 15 percent of good alfalfa meal in a first-class 
ration during the gestation period, particularly when the protein con- 
tained is chiefly of plant origin, does not provide all the dietary factors 
needed to produce strong pigs. This is illustrated by the results of an 
experiment reported from the Indiana Station,- the mam purpose of 
which was to test the value in a gestation ration of vitamin B.., as 

contained in Merck’s “animal protein factor (API-). _ 

Four lots, each of 12 spring pigs, were fed during the dammar a 
corn-soybean meal-alfalfa (5 percent) ration with am^^cod- 

liver oil, in paved lots. On September 14 they were changed to the 

following gestation rations, respectively. 

Lo, /-Basal ration, corn, soybean oil meal, alfalfa meal (15 -r ), 

simple mineral mixture, and cod-liver oil. , . i ,h,. r u,- nf 

lot //-Basal ration -b vitamin B.= supplement, fed at the rate of 

2niillicranisofB, a per 100 pounds of feed. vlmmin F I 

Lo, “///-Basal ration -b vitamin B... supplement -r M.amm E. I 
gram (mixed locophcrols) per gill 


tr NT \mlr<?vts L. M. Ilutwhiniv anJ L I* 
•*C. .M. Vestal. W. M. Beeson, h. N. An4lrc>»$. 

Mimeo. No. 50, SepU, 1950. 
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Cereal grains and most by-products deficient in vitamin A. None of 
the cereal grains, except yellow corn, contain apprectable amounts ot 
carotene, which after assimilation in the body produces vitamm A, 
neither do the cereal or animal by-products, including skim milk and 
buttermilk. Feeds that are especiaUy rich in vitamin A potency are 
lush green forage and fine-quality green hay. Hay that has lost its 
color, as a result of weathering or long storage, however, is of little 
value. For winter feeding, an amount of quality alfalfa or other legume 
hay sufficient to represent about 1 5 percent of the dry ration by weight, 
or access to succulent forage during the summer, provWes practical 
and effective means of ensuring an adequate supply of this vitamin for 
pregnant sows and gilts. 

Vitamin D important in winter feeding. All classes of animals re- 
quire vitamin D, known as the antirachitic vitamin. It is also frequently 
referred to as the “sunshine vitamm,” since the action of sunlight on 
the body surface results in the formation of the vitamin D substance. 
It is a factor of practical importance in feeding pregnant sows and 
gilts during the winter, since the amount and potency of sunlight 
available during this season is often so limited that the supply of 
vitamin D in the ration requires attention. 

Grains and the other usual feed concentrates contain little if any 
vitamin D. Green forage has none, but after cutting and exposure to 
the sun its content is considerable. Alfalfa cured under caps, although 
high in vitamin A, will have much less vitamin D than that which has 
been cured in the usual manner. During the summer, the amount of 
available sunshine makes unnecessary a special supply of vitamin D 
in the ration for hogs in the open. Sunshine and sun-cured quality 
hay normally ensure a farm supply of this vitamin sufficient to meet 
the needs during the winter without resort to irradiated yeast, cod- 
liver oil, or special commercial sources containing these vitamin-rich 
ingredients. When the amount of quality alfalfa or other sun-cured 
legume hay is fed in the amount sufficient to take care of the vitamin A 
and other vitamin demands, namely, 15 percent of the dry ration, the 
vitamin D requirements will be amply provided, 

Vitaiuiiis of B*conipIcx group important. That several vitamins of 
the B-complcx group are also necessary for good brood-sow per- 
formance, and pig survival has been demonstrated recently in a num- 
ber of carefully controlled experiments. Hogan and McRobcrls of 
the Missouri Station in feeding trials covering several years were 
unable to secure normal farrowing and weaning results when the sows 

•* A. G. nogjn and V. I-. StcRobcrts, Proc, Am. Soc. Ait. Prod., Dec., 1940. 
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were fed during the gestation period a ration composed of yellow 
com, tankage, linseed oil meal, fine alfalfa meal (5 percent), cod-liver 
oil, and a suitable mineral mixture. The sows were on concrete and 
green forage was excluded. On this ration the pig losses were heavy 
and the surviving pigs small and unthrifty. When this ration was 
supplemented during the last two months of the gestation period by 
adding sources of several of the B-complex vitamins, there was an 
improvement in the results. 

Similar studies of gestation rations at the Wisconsin, Illinois, and 
Indiana Stations, which have been reviewed in this chapter in relation 
to alfalfa feeding, showed that a marked reduction in baby pig losses 
was effected by increasing the amount of' alfalfa meal from 5 to 15 
percent, or by providing green forage. Since the supply of vitamins A 
and D, as well as of the proteins and minerals, in the basal rations was 
adequate, a large part of the improved farrowing and weaning results 
must be attributed to some or all of the vitamins of the B-compIex 
group contained in these two natural feeds. ^ ^ ^ 

Rich sources of the more common B-complex vitamins, extensively 
employed in the manufacture of commercial vitamin supplements, arc 
the dried fermentation solubles, such as dried distillers’ solubles, dried 


brewers’ yeast, and condensed fish solubles. 

Vitamin B„ related to pig survival. There now is evidence, however, 
that feeding as much as 15 percent of good alfalfa meal m a first-class 
ration during the gestation period, particularly when the protein con- 
tained is chiefly of plant origin, docs not provide all the dietary factors 
needed to produce strong pigs. This is illustrated by the results of an 
experiment reported from the Indiana Station,- the mam purpose of 
which was to test the value in a gestation ration of vitamin B,.., as 
contained in Merck’s “animal protein factor ^ ' 

Four lots, each of 12 spring pigs, 'verc fed during the summer a 
corn-soybean meal-alfalfa (5 percent) ration with minerals and cod- 
liver oil, in paved lots. On September 14 they were changed to the 
following gestation rations, respectively. , ,,cr- , 

Lot /—Basal ration, corn, soybean oil meal, alfalfa meal (1. r ). 

simple mineral mixture, and cod-liver oil. r i , . r • of 

Lo, //-Basal ration 4- vitamin B.. supplement, fed at the rate of 

2milligranisofB,e- per 100 pounds of feed. r i 

Lot ///-Ba.sal ration -r vitamin U,.. supplement • Mlannn L. 
gram (mixed tocopherols) per gilt daih. 


•’c, M. VcMil. w. M. ikewn. V. N Ar.v!tc^*», I - 
Mimco. No. 50, SepL, 1V50. 
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£, 0 / ;i/_Basal ration + vitamin Bi» supplement + condensed fish 

solubles, fed as 2 per cent of the ration. 

During the nursing period all gilts with their litters were on Balbo 
rye pasture, and received a ration of ground corn and oats with protem 
and mineral supplements. 


Table 11. Vitamin Bn 

(Merck’s 

APF) in the Gestation Ration of Gilts 



A\ erage 

Average 

Pigs 

Percent^ 

Average 




Birllt 

Weaned 

age 

Litter 


Farrowed 

Weight 

per 

Farrowed 

Weisht 



per 

per 

Litter 

Pigs 

at 

Farrowed 

Litter 

Pig 

Farro wed 

Weaned 

Weaning 




lb. 



lb. 

Basal 

9 

8.6 

2.20 

4.8 

55.S 

153.3 

Basal + vitamin 







Bu 

10 

9.7 

2.36 

7.5 

77.3 

170.8 

Basal + vitamin 







Bia 4* vitamin E 

10 

9.4 

2.49 

6.9 

73.4 

177.2 

Basal + condensed 







flsh solubles 

10 ■ 

10.0 

2.22 

7.1 

71.0 

Ibl.U 


Compared with the gilts fed the basal ration containing 15 percent 
of alfalfa meal, those that received the vitamin Bia supplement in 
addition farrowed larger and stronger pigs; the death losses were much 
lighter despite a larger number farrowed, and the weaning weights per 
litter were considerabiy heavier. Death losses the first three days after 
farrowing for the different lots were as follows: Lot I, 24.7 percent; 
Lot II, 10.3 percent; Lot III, 8.5 percent; Lot IV, 10.0 percent. 

The addition of vitamin E to the test ration produced pigs with 
the heaviest birth weight, the lowest death losses after birth, and 
the heaviest final litter weight. Feeding condensed fish solubles, a 
semisolid by-product from the fish packing industry, as an addition 
to the test ration did not appear to be of any benefit. 

Similar results were secured by Anderson and Hogan of the Mis- 
souri Station.^^ They showed that by feeding Merck’s APF No. 3 to 
pregnant gilts in an amount to represent 1 milligram of vitamin Bie 
per 100 pounds of -feed as an addition to the basal ration composed 
of com. tankage, soybean oil meal, alfalfa meal (2>/5 percent) , cod- 
hver oil, and a complex mineral mixture, the number of pigs bom 

alive was incrca'^""' * »r, 1 nn nercent, and the weaning 

weight per pig MLSU - CENTRAL LIBRARY i 


G. C. Anderso 



’ol. 9. No. 4, 1950. 
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Carpenter of the Hormel Institute/^ however, found that the feed- 
ing of an APF supplement containing aureomycin (B12 -j- aureo- 
mycin) to two groups of sows for 49 and 90 days, respectively, just 
prior to parturition, as an addition to a basal ration containing 4 to 
6 percent of tankage, with linseed and soybean oil meal, and 10 per- 
cent of alfalfa meal, did not affect the livability of the pigs. 


FORMULATING SUITABLE RATIONS 


As we have seen, the successful nourishment of pregnant sows and 
gilts requires that special attention be given to the supply of proteins, 
minerals, and vitamins. Resulting from the abundance of corn or 
other cereals in the pork-producing areas, the carbohydrate and fat 
supply is not a matter of practical concern, except if the feeder places 
too great a reliance on them. 

Recommended aUowances of critical nutrients. The allowances of 
these nutrients which are recommended for rations during the gesta- 
tion period are shown in Table 12. The figures given are higher than 
those representing the minimum requirements, so far as these are 
known, in order to allow for variations in composition which occur in 
the same feed, and for differences in the availability of the same 
nutrient from different sources. The smaller of the two figures is the 
amount recommended during the early part of the gestation period, 
and the larger, the amount during the later stages. Although rations 
that are balanced with respect to their organic nutrients will usually 
supply sufficient phosphorus, this element is included m the table 
because of the desirability of maintaining a calcium-phosphorus ratio 
close to l '/4 to l >/2 : 1. The salt to be fed should be iodized m the 
goiterous or semigoiterous areas. 


Table 12. Recommended Allonaoces of Critical Nutrienbr, dorioB the 
Gestation Period, Expressed as PcrcentaRcs of the Air-Dry Ration 



Crude 


Phosphorus 

Conwion 

Salt 

Vitaruins A, D. and 
li-Coniplex 

Gills 

Mature 

So\^-s 

Co 

13-15 

12-14 

Co 

0.40-0.50 

0.30-0.40 

Co 

0.30-0.40 

0.25-0.35 

ro 

0.45-0.50 

0.35-0.50 

Amply supplied uhen 
the ration includes lO'^c 
alfalfa leaf m.. or I5‘'c 
good alfalfa or other 
legume hay. by weight, 
or green forage 


“Uajcncc E. CarpcMcr. I'ab. .No. 61. IMl 
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Some good gestation rations. In Table 13 are a few suggested type 
rations which combine in fairly balanced proportions the food nu- 
trients known to be essential for good reproduction. In some, the 
grains are supplemented with animal proteins; in others, with protein 
feeds from plant sources, and in some with a combination of both. 
The attempt has been made to formulate rations suited, according to 
the feed supplies, to the different areas of the country. The simple 
mineral mixture is made up of 2 parts pulverized limestone, 2 parts 
special steamed bone meal, and 1 part common salt. The latter should 
be stabilized iodized salt in the goiterous and semigoiterous areas. 

Tabic 13. nations for Winter Feeding Bred Sows and Gilts 



Ration 

Ration 

Ration 

Ration 

Feeds 

1 

2 

3 

4 


Vo 

% 

% 

% 

Ground corn or grain 





sorghum 

40 

70 

42 

60 

Ground oats 

38 


35 

18 

Tankage or meat scraps 

3 


4 

7 

Soybean oil meal 

4 

10 

2 


Cottonseed meal 



'7 


Wheat shorts or middlings 


8 


5 

Alfalfa meal 

15 

12 

15 

15 

Skim milk or buttermilk 


4 qts. daily 



Minerals 

Simple 

Simple 




min.mix.. 

min.mix., 



. 

self-fed 

self.fed 



Percentage crude protein 

13.7 

14.0 

15.0 

14.4 


Ration 

Ration 



Feeds 

5 

6 

7 

8 

Ground oats 

% 

40 

% 

45 

% 

% 

Ground buricy 

35 


43 

79 

Ground uhcat 


30 



Fbh meal 

5 

't 



Soybean oil meui 




n 

Coltoabccd meal 


4 



Peanut oil meal 


4 



Linseed meal 

5 




Wheat shorts or middlings 



15 


Alfalfa meal 

15 

15 

15 

15 

Minerals 


Simple 

Simple 

Simple 



min.mix.. 

min.ni ix., 

min.mLx., 



self-fed 

self-fed 

scU-fed 

Percentage cnide protein 

14.5 

15.3 

15,4 

15.2 
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In those rations in which a mineral mixture was not recommended, 
the calcium content varied from 0.43 to 0.71 percent and the phos- 
phorus from 0.43 to 0.57 percent. Although the assumption is that 
no salt is required in these three rations, in addition to that contained 
in the feed, it will be advisable, in order to be on the safe side, to give 
the sows access to a supply in a self-feeder. For summer and fall 
feeding, green forage should be available in amount and quahty suffi- 
cient to replace, in whole or large part, the alfalfa meal m these rations. 

Regulating the amount fed. Good results at farrowing time are pos- 
sible only when good judgment is used in regulating the amount fed. 
Even with the best of rations, plenty of exercise, and comfortable 
houses, it is possible by careless feeding greatly to reduce the chances 
of a good pig crop. What was said concemmg the food demands of 
the sL at the beginning of this chapter suggests the desirability of a 
gain of 75 to 85 pounds during the gestation period as a preparation 
to meet the losses which normaUy occur later m 
tion (see Fig 7 p. 31). Gilts should gam from 75 to 100 pounds. 

Extremes in condition should be avoided. The ‘ 

pig killer and, because of her usual disposition to take little exercise, 

her pigs are weak at birth. It also means a waste of f^ed an^i 

cost tor maintenance. Likewise, f J" 

dition should be avoided, for such a sow wi nmduction In 

energv which are needed later to help support milk production. In 

toe iSe"both of economy and good results, the -w at arro^ 

time should be in medium to strong condition. Most of these g , 

especially for the more mature sows, should be put on during the last 

“hi loClS™,.. 1. -m K. » 

brl.s d.«rbbl. bobdl.iob -I ■'■P'"!* 

tions In oractice it will be affected by the condition of the so«s when 
uons. in practice It will 

bred, the amount of feed mar can ob. p t- „r i, I,.,v 

fields, the weather, and the availability and 

Duriiig the early part of a mild 'vi">cr ludc will be rcqmr d n adffi 
tion to what can be gleaned from the fields In 

prcsenicd showing the amount of concern 
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The mature sows fed a balanced ration, without hay, in the first 
division of the table, were liberally fed-, they gained during the gesta- 
tion period close to 100 pounds. It may be concluded from these fig- 
ures that 114 pounds of concentrates daily per hundredweight for 
mature sows would probably be sufficient for an average gain under 
these conditions. 


Table 14. Amount of Concentrates Fed Pregnant Sows In ^Vinter 


Age of Sows 

Average 
Daily Gain 

Concentrates Fed 
Daily per Cwt, Sow 

Average for 117 mature sows fed balanced 

Jb. 

lb. 

rations (no hay) 

Average for 77 mature sows fed corn or 

0.866 

1.360 

oats, with alfalfa hay in rack 

Average for 51 gilts fed balanced rations 

0.648 

1.184 

(no hay) 

0.737 

1.780 . 


For mature sows having access to a, good legume hay in a rack, the 
amount of concentrate that it is necessary to feed to ensure sufficient 
gain is considerably reduced. When fed corn or oats without a protein 
concentrate, the sows here required but little more than 1 per cent of 
their weight daily. With the addition of a protein supplement during 
the last six weeks of pregnancy, which is to be recommended, one 
pound per hundredweight probably would suffice under moderate 
weather conditions. 

Gilts carrying their first litters naturally require more feed for a 
given unit of weight than do mature sows. It would appear from the 
figures in the table that 1?4 pounds daily per hundredweight would be 
about right under most conditions. We would expect yearling sows 
fed a balanced ration to require an amount intermediate between, that 
of the mature sow and gilt, namely, about IV^ pounds daily per hun- 
dredweight. In practice, however, the point in any of these cases is to 
feed more, or less, than the average as needed according to the actual 
condition of the sow. 

Preparation of feeds and methods of feeding. It makes no difference^ 
so fat as is known, whether the sows are fed their concentrates wet in 
the form of a slop, or dry. When the grain is ground and the feed 
mixed, feeding as a thick slop generally is practiced because less of 
the feed is wasted. When watering is by hand, UiUe extra work is in- 
volved. More and more, however, hog raisers are being converted to 
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the dry-feeding method. That it requires less labor than slop feeding 
and gives equally good results is the verdict of those who have used 
both methods. 

The beneficial eflects of grinding are somewhat doubtful. Although 
com comes through undigested and apparently m wasteful amounts 
when fed whole, the experimental studies made thus far mdicate that 
grinding is of limited benefit. Breeders generally believe that grmdmg 
com pays when facilities for it are avaUable on the farm. In the case of 
oats, barley, wheat, rye. kafir, etc., grinding is beneficial if we are to 
judge from the results obtained with shotes, and advisable especially 
when the operation can be performed at home. Oats and barley should 
be ground fine or roUed. Wheat, rye, and kafir should be soaked if not 
ground. Grinding or cutting legume hay may “Ot be practical, as 
against feeding it in the long condition, although this is a "m® w^y o 
feed it and facilitates the exact proportioning of the different feeds in 
the ration. Cooking is detrimental rather than beneficial with the usual 

*'tei£.feeding practice increasing. In recent years there has been ^ 
parent an increased interest among hogmen in j “f ™ „ 

of handling sows and gilts during the wmter The 
popular where large numbers are involved and reliable help is scarce 

The trend has been stimulated, too, by ° 

protective nutritive value of leafy legume hay in the gestation ration. 
a"e fact that farmers are becoming ~s^ 

Peters and Ferrin of the Minnesota Station » compared the usual 
Peters and Herrin pregnant gilts during 

hand-feeding with the sdf feeding ^ 

three successive winters, iy4j to i nnreent eround 

„llaw 26 -If j Lol II .x 

mineral mixture, self-fed and lea y 

self-fed the same feeds but in rc„ P P nmoortion varv- 

ground and mixed with the ground com and oa^ the proportion vary 

ing from 20 to 30 percent ‘be mixture y g^^-^ 

The results were ^ ^ .he^vcaning weights of the 

number of pigs farrowed and rai 

pigs, were satisfactory in bo h ’ ^b^ consumption was somewhat 
m the self-fed groups since the to . J jufinj. 

greater. The hand-fed SmaP j,. Only a limiled 

ihc gcslalion period, and ihe stn i*- - * 

••w. 11. fees and n. r. I cmn. II-.4. U-»?. -J H- 
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number of the latter group, however, were considered too fat at far- 
rowing time. The loss of weight during the nursing period, including 
that lost at farrowing time, was 51 and 58 pounds, respectively. 

Success with the self-feeding method would appear to depend chiefly 
on the care which is exercised in regulating the proportion of the al- 
falfa in the mixture. To keep down the consumption of concentrates 
and prevent over-fatness, it would seem necessary that the bulky alfalfa 
constitute close to one-third of the mixture, by weight. For older sows, 
the self -feeding method would appear better adapted than it is for 
gilts since their food requirements per weight are less and their capacity 
to consume bulky feed is greater. 

Water consumption and methods of watering. The importance of a 
constant and easily accessible supply of water for pregnant sows and 
gilts cannot he overemphasized. Especially during the winter months, 
when a hand supply in the trough freezes quickly, and as a result of 
the reluctance on the part of the sow to leave her warm bed in cold 
weather and to travel a considerable distance to quench her thirst, 
there is a chance that her water consumption may fall below her 
physiological needs. On the other hand, the feeding of thin slops may 
result in an excessive overconsumption. Perhaps the most satisfactory 
solution of the problem is to provide self-waterers, equipped with 
lamps to prevent freezing, in a protected site and close to the feed 
supply. During the summer, the supply should be constant, con- 
veniently located in the shade, and as fresh and cool as possible. 

The amount of water required, as indicated by their free consump- 
tion, varies considerably. Young sows drink more per weight than 
older sows, less is consumed on forage than in the dry lot, more is 
required in summer than in winter, and more is consumed on rations 
high in fiber than on more concentrated rations. Evvard and associates 
of the Iowa Station found that 40 yearling sows fed well-balanced 
rations during the winter consumed on the average 7.82 pounds daily. 
The consumption varied from 6.09 to 9.20 pounds tor the tour ex- 
perimental groups, being highest in those lots where the fiber content 
of the ration was largest (see Table 50). The average weight of 
the sows was 326 pounds. 

Snyder of the Nebraska Substation compared two methods of 
watering bred sows during the winter. The ration fed was U4 pounds 
daily per hundredweight of sow, and alfalfa hay in a rack. One lot 

•*J. Nt. E\'arJ, O. W. Wallace, and C. C. Culbertson, Bui. 245, 1927. 

“W. 1*. Snyder, Uul, 162, 1927. 
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was watered twice daily at the trough, while the other was supplied 
with a water tank where a lamp attachment kept the temperature of 
the water above freezing during the coldest weather and tepid most 
of the time. He concluded that there was nothing in the results to 
indicate that the self-waterer gave any better results than watering by 
hand twice a day at the trough. 



IV Care and Feeding of the Sow 
and Litter 


The foundation for a successful farrowing season is laid by proper 
feeding and care of the sows during the gestation and pregestation 
periods, but the number of pigs saved and finaliy raised is also a ques- 
tion of management and faithful attention to details during and im- 
mediately following farrowing. By following improved methods of 
feeding, housing, and care, the heavy pteweaning losses can be ma- 
terially reduced. 

HOUSING AND CARE AT FARROWING TIME 

Death losses in young pigs. The losses which occur among young 
pigs prior to weaning represent what probably is the heaviest drain on 
profits which the swine industry is forced to bear. The enormity of this 
loss has been shown by the survey studies made by the U.S. Depart- 
v.\m of AgTCwtose iv. caoperatTOSv the Expenment cf 

Iowa, Illinois, and Indiana, as a part of its study of the cost of pro- 
ducing pork. A conservative interpretation of the data collected would 
place the loss which occurs up to weaning time between 30 and 35 pigs 
for each 100 farrowed. This mortality includes those pigs which are 
bom dead. A further loss of 5 to 10 percent occurs after weaning, 
leaving only 60 percent of the pig crop to reach market. 

The causes responsible for this heavy toll as reported by the ob- 
servers, and the importance of each expressed in percentage of pigs 
farrowed, are shown in Table 15. 

Close to one-half of the above losses arc accounted for by those pigs 
which were laid on and emshed by their mothers. The nc.\t heaviest 
loss is represented by the pigs born dead or too weak to survive. But 
the important observation to be made here is that a majority of the 
factors responsible for the losses arc to a large part under the control 
of the farmer and consequently many of the losses are preventable. 

GS 
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^ ‘S 0 5 ^ 


CO hi 


Average percent of 
those farrowed 15.0 5.2 3.0 2.2 


0.5 0.3 0.3 0.3 0.1 0.1 4.8 34.4 


It should be profitable, therefore, to inquire further into these 
causes, to learn if possible what conditions back of them 
ately responsible. Below are listed briefly what might be called some 

°^S;St^r^deficient^^ 

she does not lie down with the care always taken ^ 

she is unconcerned when a pig squeals, and is “reless the ow is^oo 

fat, resulting in laziness, awkwardness, and ^ ^ \ ^ 

deaf; the sow is cross, nervous, or .rntable a ° 

nr feeding, resulting in excessive activuy, 
position, to get out of the way; pigs are 

pigs are weak at having flack of guardrails or hovers; 

anemic; quarters are unsuitaoie, 

too much loose straw is used for be ing^ failure to supply the 
Born Bean. Too great a reliance on ‘VthfnLs- 

Ik. of piB I" “IP «' 

causes hairlessness) , ovcrcrowuii g . 

the mother as the result of an abnormally huer^or^^^^,^^^ 

distribution; infection of t^ so sometimes appear 

tion; some accident or injury , wca S 

to result from i'Phealth o e weather; lack 

C/iil/ed. Failure to provide suiiaoie 

of care and attention. normal course of esents and 

Born ii enk. Pigs listed died in ^e nom 

the causes a poor milU-r; the sow has blind or 


5/un t’</. The bOW 
inserted teats; the sow has more pigs 


than teats; an impoeerwhed 
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condition o£ the mother, the result of starvation or incomplete rations; 
the pigs are bom weak and unable to compete with litter-mates. 

Eaten by jovv. A craving on the part of the sow for flesh- and bone- 
forming food elements which her ration during pregnancy failed to 
supply; eating the afterbirth is believed by many to encourage the 
development of this vice. 

Scours. Careless feeding, such as overfeeding the sow, especially 
during the first two weeks after farrowing; sudden changes in the 
sow’s ration; feeding too much milk to the pigs, feeding it at irregular 
intervals, or at different degrees of sourness; insanitary lots and sour, 
dirty troughs; contagious diarrhea; damp beds; running in the wet 
grass; illness on the part of the sow; chill; anemia. 

Sore nioiilhs. Insanitary lots and filth-contaminated teats; injury or 
abrasion of the tissues of the lips or gums of the pig caused by fighting, 
teething, awns of grains, or irritating foods, making avenues for in- 
fection; infection with the germs of Bacillus necrophorus which causes 
“bullnosc” or ulcerative sore mouth. 

Thumps and worms. Until recently the chief cause of thumps was 
thought to be the combination of too much food and too little exercise. 
It is now believed to be generally the result of infestation with the 
common round worm, more particularly the presence in the lungs of 
the pig of the young worms when about one twenty-fifth of an inch 
long, which is the normal consequence of infestation. Severe anemia 
also causes thumps. 

Iitpired by other stock. Inadequate lotting facilities; fences not pig- 
tight; lack of attention to details. 

Lost. Same as for tliose injured by other slock. 

Smothered. Generally the result of the same conditions which cause 
death from being laid on. 

Dislribulion of pig mortality. It is important to note the distribution 
of these losses. Studies by Sevenson of the North Dakota Station '■ 
showed that of the niort.a!ity occurring from birth to weaning, 78 per- 
cent of the losses occurred during the first week. In a three-year study 
of baby-pig losses at the California Station - it was found that 75 
percent of the fatalities occurred during the first two days. Records of 
the Purdue University Experimental herd,-'' covering the 24-year period 
from 1921 to 1944, of 1335 spring litters, showed an average of 9.8 
pigs farrowed and 6.42 pigs alive at weaning time, a loss of 34.56 

* Albert ScvcfViOn, Sue. An. froJ. Proc., 1927. 

’Jamrt R. Ta>crnetii and E, II. Iluchcs, Bui. 618, 1937. 

■*\V. M. Ik-ciun, Mimco. A. Jl. 22, Sept., 1946, 



CARE AND FEEDING OF THE SOW AND LITTER 71 

percent, which included 5.16 percent stillborn. Fifty-two percent of 
these losses, not including those stUlbom, occurred during the first 
three days; 15 percent was represented by those stillborn, 19 percent 
occurred from the fourth to the fourteenth day, and 14 percent from 

the fifteenth day to weaning time. 

Davidson ■* reports an analysis made of the causes of preweaning 
losses in English herds by Menzies-Kitchin, in 1937 An average of 
9.4 pigs were farrowed of which 7.7 were weaned Complete causes 
of the death losses were obtained in 20 herds, as shown m Table 16. 
Table 16. Analysis of Preweaning Mortality 

— — — Numbe r Percent 

Cause of Death — r 

. — <722 4o.7 

Overlaid by sow 227 22.1 

Bad doers 225 9.1 

Scour (diarrhea) 219 8.0 

Insufficient milk 27 5.2 

Pneumonia and colds 2g 1*9 

Savaged by sow 20 

Accident 42 2.8 

Miscellaneous 23 0.9 

Not recorded Jooio 

Total number of observati o ns — “ 

of the Indiana Station of abou y Thev rcnort that the 

k,iw d™g .h. tL,, dp. 

more common lesions observ d ^^^J degeneration of the kidneys; 
generation of the • 5). and sometimes an enlargement 

(3) edema (puffy swelling o ^ relatively small number of the 

of the thyroid and adrenal g ands^ A reHJ. 

pigs showed evidence of mju 7 precipitates (probably ureates) 

the sows. In These abnormalities apparently develop 

were present m .'hf , ,hc pigs are born.” The inference 

is — iS are largely nutritional in 

“Baby-pig disease.” '^J";.^’-'^‘'."pi'“drscase ” h'is ^mpotsibleTo^ay. 

attributed to the so-called "baby-pig disease. .1 ^ eo 

t of /NCJ. Lcnsinant. Green .V cu. 

•It. R. Du iJson.r/a- • 

^ -VaCcednaW 

.Mimeo. A. It. 22. ipe. 1 W 6 . 
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This malady, which has been responsible for nearly 100 percent losses 
in some herds, results in acute hypoglycemia, i.e., an abnormally low 
sugar content of the blood. Typical symptoms have been reported as 
follows; “Shivering, dullness, and lack of desire to nurse; the pigs 
tend to wander away and burrow under the bedding; when disturbed 
they emit a weak ‘graveyard’ squeal; the hair stands upright, the skin 
is cold, and finally the pig lapses into a eoma. Within 24 to 36 hours 
after the appearance of the first symptoms, several of the sick pigs in 
the litter are dead.” The disease is in no sense contagious. The fact that 
sows which have pigs which develop the- disease may be rebred and 
produce normal litters, and that it is more common in spring-farrowed 
litters than those farrowed in the fall, suggests that it is in some man- 
ner related to the nutrition of- the mother (see page 000). 

Dr. Young of the Horrael Institute, University of Minnesota,t^ how- 
ever, after extended investigation, concluded that baby-pig disease 
appears to be related to exposure of the pregnant mother to other dis- 
eases, especially during the last 20 to 40 days of the gestation period. 
His evidence indicated that nutrition, heredity, and environment did 
not play more than secondary roles in the disease. 

Spring and fall losses compared. The figures given in Table 17 
represent an interesting analysis by Steanson of the U.S. Department 
of Agriculture ® showing the effect of the month and season on pig 
mortality before and after weaning. 

The percentage of deaths prior to weaning was very much smaller 
for April- and May-farrowed pigs than for those dropped in February 
and March. The loss from weaning to market time, however, was 
heavier for the late pigs. The total proportionate losses up to market- 
ing were greatest for the early farrowed pigs. 

In the case of the fall pigs, it appears from these data that a larger 
percentage of October pigs have a chance to survive to weaning or 
market time than do August or September pigs, although fewer of the 
early farrowed tall pigs died after weaning. These figures indicate also 
that fewer fall pigs than spring pigs died prior to weaning, although 
the loss after weaning was sufiicicntly greater for the fall pigs, prob- 
ably as a result of weather, to yield approximately the same percentage 
marketed. 

*Sa\e Baby Pizt, Unlvernty of lllmob. Ext. Service, 1942. 

»Geo. A. Vounjt. Jr. and Norman H. Underdaht, Keprim. The Cornell Vturinarlan, 
Vol. XXXVII. No. 3. July. 1947. 

*04Car Year Book oj Sericulture, 1928, p. 364. 
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Table 17. Farroiving and Death Records of Spring and Fall Litters 



Number 
of Farm 
Records 

Number of Pigs per Utter 

Percent Deaths 

Farrowing 

Date 

Far- 

rowed 

Weaned 

Raised to 
Market 

Before 

Weaning 

After 

Weaning 

Raised 

February 

March 

April 

May 

39 

194 

179 

60 

8.92 

8.32 

7.70 

7.22 

5.57 

5.23 
5.21 

5.24 

5.29 

4.85 

4.69 

4.76 

37.6 

37.1 

32.3 

11 A 

3.1 

4.6 

6.8 

6.7 

59.3 

58.3 

60.9 

65.9 

Average spring 
litters 472 

7.91 

5.25 

4.80 

33.6 

5.7 

60.7 

August 

September 

October 

52 

108 

31 

8.42 

8.24 

7.90 

5.66 

5.66 

5.89 

5.16 

4.82 

5.16 

32.8 

31.3 

25.4- 

5.9 

10.2 

9.3 

61.3 
58.5 

65.3 

Average fall 
litters 

191 

8.26 

5.69 

4.97 

31.3 

8,7 

60.2 


The most reasonable explanation for the decreasing ^ 

litters noted for those farrowed from jj^er or 

August to October is to be found, not m any effects of weather 



. trtre win find the Uic of this portable deMCC. which 

Fig. 11, Large opcral cfTccli'c and practical method of dism- 

gcncratcs steam under pres^ur . equipment (courusy. Prs 

feeling the farrowing quarters 
W. E. Carroll and J. L. Kridcr, ills. Exp. Sta.). 
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season, but rather in the variation of the breeding propensity existing 
among sows in general. Early farrowing sows as a class are more 
proiiHc than those farrowing late because the ability to farrow big 
litters and the tendency to come in heat promptly and to settle with 
the first service are related. 

Preparation for farrowing. Timely preparations wUl do much to 
reduce farrowing lasses. An important first step is to see that the 
farrowing pens are ready and properly equipped to take care of the 
litters in cold weather. First, they should be thoroughly cleaned and 
disinfected. To do this by the effective McLean County System (see 
page 89) the walls and floors are given a thorough scrubbing with 
boiling-hot lye water, using a stiff brush or old broom. One pound of 
lye should be used to 30 gallons of water. The lye will eat the organic 
matter out of the cracks and help to remove the caked mud from the 
walls and corners. A further precaution is to apply a 4 percent stand- 
ard disinfectant, using a pump spray to force it into all the crevices 
and angles. Floor mats should be removed, washed, disinfected, and 
stood out in the sun. In case the floor is earth, 2 or 3 inches of the 
lop layer should be removed, then replaced with fresh clay or fine 
cinders. Probably the most ideal floor is concrete covered with wood, 
but a good dirt or clay bottom is satisfactory if kept level, dry, and 
free from dust. Too often it is not. Bare concrete floors are cold and 
often become damp, unless they contain undersurface pipes for the 
circulation of hot water. 

When the pens ate thoroughly dry, they should be bedded carefully. 
The kind and amount of bedding to use is a matter of considerable 
importance. Any good absorbent that is dry and will lie close to the 
floor is satisfactory. Rye or wheat straw is preferred to oat straw. Cut 
straw, shredded stover, any fine-stemmed hay, sawdust or shavings, 
crushed corncobs, when available, are good because they interfere 
liulc with the efforts of the new-bom pig to reach the mother’s teat. A 
great pile of loose straw, although appealing to the natural instinct 
of the sow, is an evidence of mistaken kindness. As a rule, the less 
bedding used the belter. Espccialiy when the weather is not severe, a 
thin covering on the floor is sufficient. 

The type of farrowing pen which scents best adapted to the weather 
and other conditions should be used. Depending on the size of the 
sow, the area of the pen desired normally should vary from a minimum 
of 6 by 7 to a maximum of 8 by 8 feet, inside dimensions. The instaf- 
lation of guardrails, about 8 inches from the floor and extending out 
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from the wall a distance of 10 inches, represented the first efforts of 
the hogman to reduce early pig losses. More extensive safeguards are 
illustrated in Fig. 12. This type of installation is especially adapted 
to individual farrowing houses situated in the open and where a source 
of artificial heat is not available. The two-by-fours rest on 10-inch 
boards which are nailed to the studdings. Behind this board straw is 



cfTeclive m saving the pigs wnere a 
See text for description. 

packed to the floor for insulation. By covering the slatted hovers with 
loose straw, and by banking the base of the house w.th ™rn a hs or 
straw, a practical arrangement is provided that has P^vcd ^ '-r.h 
on many northerly located hog farms. A gunny sack "afled to he 
top of the door and weighted at the bottom may also be ut.vd w th 
good effect in keeping out the cold. After the second or third d..> he 
pigs, except when nursing, will be found taking advantage of the 
warnilh and safety of the hover. 
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Artificial heat helps to save young pigs. With early-spring pigs, espe- 
cially in the North, a supply of artificial heat is necessary if chilling of 
the new-bom pigs is to be avoided. An old stove or heater fixed up 
in one end of the central house is often the means of preventing chill. 
A lantern hung in the individual house will be an aid in the same direc- 
tion. By putting the pigs as they are born into a straw-lined box or 
basket containing a jug of hot water or a hot brick, properly insulated, 
many pigs have been saved. Pigs suffering from chill can be revived 
quickly by immersing them in warm water, after which they should be 
dried and placed in a warm box. 

Electrically heated pig brooders pay. The modem way, where elec- 
tricity is available, is to equip the farrowing pen with a 100- or 150- 
watt reflector type of flood or heat lamp. By suspending the lamp 



Fig, 13. A 150-watt heat lamp suspended in a partitioned corner of the 
farrowing pen ensures comfort and safety for the pigs (courtesy hut Bxp. Sta., 
photo by AUett}. 


over a partitioned corner of the pen at varying heights, depending on 
the weather, the pigs arc safe and comfortable in the coldest weather. 
Additional heat can be secured when necessary by partially closing 
the top of the area and/or by boarding up a section of the front 
entrance. 

From 1935 to 1939, Taveraetti and Hughes of the California Sta- 
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tion» compared two types of electrical heat installations^ One con- 
sisted of an overhead electric light equipped with a reflector, and 
placed over a hole in the top of the brooder; the second was an under- 
Lat type, which consisted of an electrically heated metal pan or mat 
on which the pigs lie for warmth. A third group of sows farrowed m 
Dens equipped with brooders but without heat. , . , 

The results of the three-year trials showed that t e pig 
the pens equipped with heated brooders were approximately one-half 
IftheyTeL'^in the unheated pens. There was 
ence in the results obtained with the two types of ^ ^ 

being 13 and 15 percent. In the regular farrowing pens the losses were 
29 percent. Unusual difficulty was reported in getting the pigs to tak 
advantage of the unlighted and unheated hovers. In the heated 
Wderf, the time required to teach them to go in varied from a few 

hou. to a 

head source of neat was to oe ^rvnctmrt' the lieht 

:z2rpt?.'sJ— 

metal brooders becoming too warm comoared with 

ence was expressed in favor of the 150-watt 

the 100-watt, although both were considered , 

percent m the houses were causes other than 

ffie^Ta^lfficTor^rcspfnsffilefor many of these losses it 

percent in the houses without the heat. . | , 

The important observation was made that death losses 

■James It. Tasernctli and E. H- 

■•G. II. Foster and C. M. Veslal. llol. 494. 1944. 
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heated houses progressively increased as the outside temperature went 
down. On the other hand, it was found that the outside temperature 
had little if any effect on losses when supplemental heat was supplied. 
Temperatures under the unheated hovers varied with like changes in 
the outside temperatures, as one would expect; under the heated 
hovers, the temperatures approximated 30“F higher than on the out- 
side. These records were taken when few if any pigs were in the hovers. 
The presence of a large litter of week-old pigs was found to maintain a 
temperature in an unheated hover (with covered top and partly closed 
front) 50 to 60 degrees above the outside temperature in cold weather. 
The records showed that the pigs did not use the unheated hovers 
during the first two days, and only infrequently during the next four 
or five days, a fact that emphasized the need of supplemental heat 
during the critical first few days after birth, and also the ministrations 
of a careful attendant. 

Depending on conditions, such as the distance of the farrowing 
houses from the source of electricity, the length of time used, and 
the number of litters farrowed in each heat-equipped house, these 
authors concluded that the total cost should not exceed two dollars tor 
each litter farrowed. 

Temperature drop in new-born pigs. The need for close personal 
attention to the heat requirements of new-born pigs is further em- 
phasized by important studies made by Newland and associates of 
the Michigan Station.'^ They found an average temperature drop of 
4°F during the first hour following birth among 25 pigs farrowed in 
a central bam where die temperature varied from 65 to 70“F. The 
drop ranged from 3 to 9^*. The sharpest drop occurred during the first 
20 minutes after birth. After the pigs were an hour old, there was a 
gradual rise to normal. Twenty minutes after birth the average tem- 
perature was 100.5“; at 10 hours it was 101.5“; at 24 hours. 102.3“; 
and at 48 hours, 102. 5“, the temperature of the mothers. The light- 
weight pigs (under 2 pounds) showed a sharper drop in temperature 
and a slower rise to normal than did the heavier pigs. 

ilie crate sy.steiu of farrowing. H. E. Hawley of Dawson Creek, 
British Columbia, wlicrc winter temperatures often go below — 60“F, 
reports the saving of two extra pigs to tlie litter by ihc use of the crate 
system of farrowing. With 200 sows he has produced annually during 
the past 10 years 3000 weanling pigs for fanners and feeders in his 

•'ll W. ScwlsnJ. D. f. Wallace, anj \V. N. McM'llcn, Jr. An. Scl., Abi., Vot. VH. 
.No. a. I')4S. 
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Fig. 14. The enclosed type of farrowing crate (pholo by Allen). 


area. The sows are placed in crates similar to the type shown m Fig. 
14 the day before they are due, where they remain for two weeks after 
farrowing; then they and their litters are removed to double pens 
inside the double-deck central barn where they remain until weaning 
time.- The more usual practice in the Com Belt, however, is to re- 
move the sow and litter from the crate two to four days after far- 
rowing. Also, during this period, the sow is allowed outside daily for 

a little change and exercise. ^ 

This plan, which is considered by many as an innovation, was ob- 
served by the author in use on the farm of the late A. J Lovejoy more 
than 35 years ago. Reference is made by Davidson to its use m 
England and Denmark. That there has been recently a marked interest 
in the idea is indicated by its adoption in various ways on many hog 
farms of the Corn Belt during the past few years. Its value lies in t c 
fact that the sow cannot turn, and a safe retreat an a over or 
warmth arc provided on either side for the pigs. The most popular 


The Country Gentleman, Jan., 1948. i Mnom in4 Green A (o. 

" H. R. Dasidson. The Product, on and Market,,,^ of / Loni.nians. Green 

London. 1948, p. 340. 
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adaptation of the idea is that of installing a built-in crate 

in the individual farrowing house, as shown m Fig. 15. A few of these, 
houses so equipped, and conveniently located inside the barn or closed 
shed, may be used for farrowing the entire herd. 

The success of this method of handling sows at farrowing time 
would seem to depend on how it is used and what is expected of it. 
The claim that it offers safeguards against injury and crushing of the 
young pigs seems well established. On the other hand, that it oes 
away with the need of personal.attention at farrowing time is not well 
founded. This assumption- is responsible for many of its reported 
failures. 



Fig. 15. A removable built-in farrowing crate {courtesy, Agr. Eng, Dept., 
hid. Exp. Sta.). 


Experience has revealed a number of difficulties in its successful 
use. In the first place, the sow offers resistance against entering the 
crate, which often results in some rough handling; after she is in, she 
does not take kindly to the unnatural confinement. Especially in the 
tight box-like crate shown in Fig. 14, she becomes worried and ill at 
ease. Under these stresses a nervous sow sometimes goes berserk and 
chews up the fixtures or demolishes them entirely. She finds it diffi- 
cult to get up from a reclining position, and too often in practice her 
bed becomes wci and filthy. By careful handling, however, many of 
these difficulties can be overcome. A number of good hogmen have 
given the plan enthusiastic endorsement, while others, after trial, have 
discontinued its use. 
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Tilted floors in the farrowing house. Raising one side of the farrow- 
ing house about 1 foot, or locating the house on a hillside, to give a 
slope to the floor represents a device for saving young pigs from 
crushing that has a number of advocates. The claim is that the sow 
generally will lie with her back uphill, thus presenting the pigs with 
a more direct and easy approach from their bed for nursing. Also, less 
time usually is required for the pigs to learn the use of the hover, 
which is situated on the lower side. Pifer of the Kentucky Station 
reports from tests and observation on 385 litters kept on 49 farms that 
sows farrowing on tilted floors lost only 3*4 percent of those farrowed 
from crushing, while on the level floors the sows lost nearly 25 per- 
cent from the same cause. 

Preliminary care and feeding. Before being placed in her farrowing 
pen the sow should have her sides, udders, and under surface of her 
body washed with warm soapy water. The purpose of this is to remove 
any adhering mud or filth which might harbor disease germs and 
especially the eggs of the common roundworm. She should be kept 
absolutely clean. The last ministration before farrowing should be a 
sponging off of the udders. This precaution is one of the essential 
steps in the plan designed to prevent worm infestation, and the prac- 
tical importance of it has been repeatedly demonstrated. 

The sow should be removed from the general herd a few days before 
she is expected to pig. This will enable her to become acquainted with 
her new quarters and will serve to make her more contented when 
pigging. By this procedure she will also become accustomed to the 
presence of the herdsman, which is important later in the care of 
herself and her litter. An clicctivc way to quiet a nervous sow is to 
give her a daily brushing. Tlic sow should be removed from the 
general quarters no later than the one hundred and tenth day of 
gestation. 


FarroHinj; Record 

\ufn6er 
of Sow 

Diite of 
Serxicc 

Date 

DiiSc Due FtirroxxeJ 

Xuniher 

Sex of Pi^s 

1 1 or-r.oUh 

\ .tnibef 

SI 

Sow 10 

2 



36 

Sow 12 

Mir. 4 



etc. 






R. \V. PJer. Uiilo SJ. IMS. 
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The importance of a record of the date of service is apparent at 
this time, as it is impossible to tell with any reliable degree of accuracy 
by the appearance of a sow just when she will pig. The usual signs of 
approaching farrow are a filling of the udder and teats and a mild 
spirit of unrest. When the sow begins carrying litter or arranging her 
bed for a nest, she may be expected to farrow within 12 hours. With- 
out a record, constant observation of the sows is imperative, and even 
with such a record it is still desirable. A farrowing sheet should be 
made out and posted in a convenient place in the barn. This should 
contain the number, dale of service, and the date due, of each sow in 
the herd, with blank spaces for recording the date of farrowing, the 
number and sex of the pigs, and the ear-notch number of each litter. 

Opportunity for some exercise should be given the sow after she 
has been removed to the farrowing pen, but care should be taken that 
any dirt or filth which may have Income attached to the udders be 
removed before she is returned. It too frequently happens that she is 
shut in a pen with no liberty to move about. This is certain to aggravate 
the tendency to constipation as well as to make it difficult to keep her 
quarters in a dry sanitary condition. If a lot is not accessible to the 
farrowing pen, the sows that are up should be turned together in a 
clean open yard for a part of the day to work over some clover or 
alfalfa hay. 

It is very important that the radon of the sow be carefully regulated 
in the days just preceding farrowing. Two important changes should 
be made in her feeding; the ration should be made more laxative and 
the amount fed reduced. She will need less food under the more 
restricted conditions, and her recovery from farrowing will be more 
prompt if her digestive system is kept well cleared. Any tendency to 
constipation is dangerous. By feeding with the grain a quantity of 
wheat bran or linsccd-oil meal, her droppings will be kept in proper 
condition. A safe rule to follow at this lime is to cut her grain ration 
in half and add to it one-half its bulk in wheat bran. One pound, or 
about a quart, of this mixture to the feed just before farrowing is 
sufficient. 

Care at farro\>ing (inic. The previous treatment of the sow will 
determine largely the results at farrowing time. If she has taken plenty 
of exercise during the preceding months, has been fed properly, and 
is in a strong active condition, she will cause little concern. With all 
preparations made, the attitude of the man in charge should be that 
of “watchful waiting.” With a large number of sows to farrow, he 
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shouJd be at his post constantly during the day and every three hours 
at night, especially if the weather is severe. 

The quiet presence of the attendant is desirable when the sow is 
farrowing. He should assist the new-born pig in its efforts to free itself 
from the enveloping membrane and to start respiration. The next step 
is to place the pig where it is warm (see page 76). When farrowing 
has been completed, the pigs should be given the opportunity to nurse. 
The instinct to nurse should be satisfied as soon after birth as possible. 
Pigs that are weak should be assisted or held to the teat. The first milk 
of the mother acts as a purgative, initiating the functions of digestion 
and ensuring the expulsion of the accumulations of the digestive tract. 
It also has the effect of immunizing the pig temporarily against the 
development of certain germ infections. 

It is particularly important during the first week to see to it that 
each pig is getting its due share of nourishment. The milking capacity 
of the sow should be observed carefully and, if there are more pigs 
than good teats, the stronger ones should be transplanted to another 
sow with more teats than pigs and whose litter is as nearly as possible 
the same age. The transfer accomplishes two important results: it 
secures needed nourishment for the extra pigs in the largo litter and 
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ensures a better development of the udders of the sow which is nursing 
a limited number of pigs. 

Gilts that are not in good breeding condition frequently have trouble 
in giving birth to their pigs. As soon as it is evident that protracted 
labor is of no avail, help should be given. A small hand and arm, 
■which have been thoroughly cleaned and smeared with Vaseline, is 
the best instrument. The unskillful use of pig extractors is usually 
unsuccessful and often a cause of injury to the organs of the sow. 
Without some knowledge of the position of the organs and foetuses, 
she should have the attention of a veterinarian. 

The afterbirth should be removed as soon as the sow has cleaned 
and be burned or buried. If it is allowed to remain in the pen she may 
eat it, which is believed by many to encourage the development of the 
pig-eating vice. Dead pigs should be removed promptly for the same 
reason. A few days aUer farrowing, the pen should be cleaned and 
fresh litter supplied. Air-slacked lime scattered on the floor has a 
cleansing and drying effect. 

Some interesting observations. Systematic observation and record 
taking of the nursing period have revealed some interesting facts. 

A mature sow will lose from 35 to 50 pounds in weight in farrow- 
ing. About 64 percent of this loss is represented by the pigs, 25 percent 
by the amniotic fluids and products of metabolism, and 11 percent 
by the placental membranes or afterbirth. The average time required 
to “clean” is 2 hours, the longest 3 and the shortest 1 hour (see page 
31).*® The fatter the sow, the greater will be the loss, as a rule; the 
principal factor, however, is the number of pigs in the litter. 

The average time required for 23 sows to farrow was 4 hours and 
19 minutes, the longest 18 hours, and the shortest 53 minutes. S. 
Berg *“ reports observations in which the farrowing time varied from 
2.68 to 4.07 hours with an average of 3.5 hours. 

Purdue studies of two litters indicated that the four front teats are 
the heaviest producers and that generally these are nursed by the 
larger stronger pigs. Donald of Edinburgh University in a study of 
the milk consumption and growth of nursing pigs reports the interest- 
ing data shown in Table 18. 

There were 10 pigs in this litter. The figures represent the milk 
obtained from each teat tor an average day during the test period of 

^’Purdue University thesis studies, 1915, 1928, J930, and 1931. 

«U.S.D.A. Exp. Sta. R^rcord Abs., Vol. 84. 1941. 

H. P- Donald, Empire Jr. of Exp. Agr., Vol. V, No. 20, 1937. 
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Table 18. Milk Obtained from Each Teat by Nursing Pigs 


Teat Pair 

1 

2 

3 

4 

5 

6 

Right side 

gm. 

4381 

gm. 

4480 

gm. 

2373 

gm. 

4334 

gm. 

3717 

gm. 

2707 


5201 

3169 

4862 

2572 



Totals 

9581 

7649 

7235 

6906 

3717 



one week, and were determined by keeping the sow and sepa- 
rated, and weighing the individual pigs immediately before and after 
each nursing. The total milk production was equivalent approximately 
to 7</2 pounds daily. Each pig nursed its own particular teat, except 

that the two rear pairs were nursed by two pigs. 

That each pig tends to nurse a special teat is borne out by these 
observations. tL first week after birth is apparently a period of ad- 
iustments during which time the individual pigs compete for the 
better tea’ts. As a rule, the number of 

durine the nursing period does not exceed the number of pigs m the 
fitter The growth Lde by the individual pig during the first three 
weks offife wol seem to be limited, therefore by the amount of 
mill' secreted by the particular udder or teat nursed. 

Se of the Wisconsin Station is the authonty for the observe- 
• 1 .^ u ’nc TiTir<;p verv irrcEularly at first but soon settle 

tion that new-born ^ “hTch is every two hours during the day 

down to "IhtnS He also obser^^ that the length of 

and four hours during me nigiu. ric Herds- 
man Ge^rome'NortS^^^^^^ daylight observations 

man Geiken ot me ^ different days during 

on the frequency of nursings oi intprvni 

, ^ , '' 1 i-tirth The average time tor tne interval 

the first three . he shortest 15 minutes and the 

between nursings was no tendency apparent for 

longest 3 hours and 15 minuics. i nlder 

the interval to lengthen within this period as 

Newlander and Jones ot the Vermont Station -» repo t an average 
interval between nursings, both night and 

Needle teeth should be removed. An Th “ 

pigs at birth will show that they have the needle, or blaek, teeth. Their 

'• W. J. Carlyle. Bui. 101. 1503. 

”J. H. Shepperd. Bui. 230. 19-9. , 

-J. A. Newlander and C. H. Jones. Bui. 389. 1935. 
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Fig. 17. Showing “needle teeth” of pig at birth. 


appearance is shown in Fig. 17. These teeth are normal, inclined to 
flatness, have sharp edges, and generally are brown in tinge at the 
tip. Needle teeth often are the cause of irritation and pain to the sow 
when the pigs nurse, especially at first when the udders are tender. 
Considerable laceration of the lips and gums of the pigs also is often 
incurred by fighting. These cuts or abrasions may become infected and 
a sore mouth may result. Hogmen who give their pigs most attention 
believe, as a rule, in removing these teeth immediately after birth. 
This should be done carefully by cutting close to the gum with forceps 
made for the purpose. 

Ear-nolching the Utters. In pedigreed herds it is necessary to give 
each pig an identification mark so that the parentage of each can be 
determined later by reference to the herd record. In herds kept ex- 
clusively for the production of market pork, such records are desirable 
to make more certain that the gills retained for the breeding herd are 
selected from the large litters and good mothers. The scheme uni- 
versally employed for this identification is some system of car notches 
made with a special ear marker or ordinary harness punch. All pigs 
in the litter are given the same litter mark. According to this plan, the 
first litter farrowed is given one notch in the outer right car; the second 
Utter, one noich in the outer left car; the third two notches in the right 
car, etc., as follows; 


Ul Utter — I notch outer right c.'ir 
2nJ ” — I notch outer left car 
3rJ ” —2 notches outer right car 
“ — 2 notches outer left car 
5lh “ — * notch outer right and 1 
outer left car 


6lh “ -—2 notches outer right and 

1 outer left cur 

7lh ” —2 notches outer left and 1 
outer right car 

Slh ” — 2 notches outer rigid and 

2 Outer left ear 
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9th 

“ — 1 notch inner right ear 

15th “ 

10th 

“ — 1 notch inner left ear 


11th 

“ — 1 notch inner right and 1 
outer right ear 

16th “ 

12th 

litter — 1 notch inner left and 1 
outer left ear 

17th “ 

13th 

“ — 1 notch inner right and 1 
outer left ear 

18th “ 

14th 

“ — 1 notch inner left and 1 

19th “ 


outer right ear 

20th “ 


— 1 notch inner right and 2 
outer right ear 
— 1 notch inner left and 2 
outer left ear 

— 1 notch inner right and 2 
outer left ear 

— 1 notch inner left and 2 
outer right ear 
— 3 notches outer right ear 
— 3 notches outer left ear. 


A second plan is suggested by A. J. Lovejoy in his book Forty 
Years’ Experience of a Practical Hog Man. According to this plan 
each notch in the outer right ear counts one, each notch in the outer 
left ear three, each notch in the inner right ear ten, and each notch in 
the inner left ear thirty, as illustrated in Fig. 18a. 



Fig. 18a. Key to second plan of ear- 
notching. 


Fig. 18b. Key to third plan of ear- 
notching. 


In this scheme the number of the litter is determined by adding the 
figures for which the notches stand. For example, one notch m the 
outer right ear would be litter number 1. while two notches m the 
outer right would be litter 2 (1 + D- Two notches in the outer left 
would be litter number 6 (3 + 3). and two in the outer right and one 
in the outer left would be number 5 (1 + 1 + 3)- Litter number 47 
could be shown by one in the inner right, one in the inner left one 
in the outer right, and two in the outer left, etc. This plan of marking 
is well adapted to herds where the number of litters exceed 30 or 40. 

A third plan of marking is illustrated in Fig. 18b. By this scheme 
the number of the litter is determined by the position of the notch on 
the ear. The outer rim of the right ear is divided into three areas, 
numbered 1, 2, 3, from the forward point of the car back. A notch m 
the forsvard third of the car would stand for litter number 1. a notch 
in the center would be number 2. while one well back in the third area 
would be number 3. The outer left car is divided inlo two areas, num- 
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bered 4 and 5, from front to back. A notch in the forward rim of the 
left ear would be Utter number 4 and one In the fifth area would be 
number 5. Each notch in the inner right ear stands for 10, and each in 
the inner left 30, regardless of their position. 

The number of notches required in this system is reduced to a 
minimum. Ninety litters can be numbered without necessitating mote 
than two notches in either rim of each ear. In using this system it is 
important that the position of each notch be carefuUy located, espe- 
cially those in the outer right ear, else they may be misread. 

Feeding just after farrowing. After farrowing, the sow is in a feverish 
state and will neither want nor should be offered feed for 24 hours. 
She should be given plenty of fresh water, however. Special care should 
be taken in her feeding the first week. The promptness of her recovery 
and the success with which she comes to her milk flow will be influ- 
enced largely by the judgment used. The same type of ration should 
be fed just after farrowing as was used before. Rather thin slops of 
' meal containing little or no com will give the best results. A supply 
of shorts, bran, and ground oats or barley is excellent to have on hand 
at this time. 

A safe procedure to follow the first week after farrowing, and one 
that has given good results in practice, is the following: The first day 
give the sow plenty of water but no feed; the second and third days 
give her one small double handful of meal each feed (one double 
handful of meal containing the desirable proportion of bran and shorts 
will weigh about halt a pound) ; the fourth and fifth days after far- 
rowing give her two double handfuls each feed; the sixth and seventh 
days, three double handfuls for.each feed. 

Beginning with the second week after farrowing, tire ration should 
be gradually increased at the rate of one-half to one pound daily until 
she is on full feed. During the second week also the proportion of bran 
should be reduced and the ration gradually changed to incorporate 
those feeds to be fed during the nursing period. It is important to 
remember at this time that too much haste in bringing the sow up to 
full feed often results in digestive disorders for the sow, scours in the 
pigs, and loss of milk later. 

Exercise and sunshine are important. Getting the pigs out on dean 
pasture is desirable for the reason that it supplies the conditions which 
encourage exercise in the open. For young animals, generally, to re- 
strict the opportunity for exercise is to deny them the privilege for 
normal development. Early-springorlatc-aulunin pigs, when confined 
to a central house, should be given the liberty of the alley for a largo 
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part of the day in order that they may get this needed exercise, espe- 
cially when the weather is bad. Fragments of paper scattered about 
or a pile of loose straw or leaves will have the effect of stimulating 
play. 

Pigs must also have the opportunity to lie in the sun. Like plants, 
pigs will not thrive in the dark. Recent studies in nutrition have estab- 
lished the fact that a close relationship exists between the ultraviolet, 
or short, rays of the sun and the growth vigor displayed by young 
animals, especially affecting the growth of the bones. Rachitis is likely 
to develop among pigs deprived of sunshine when the mother’s diet 
at the time, and during the previous gestation period, is deficient in 
vitamin D (see page 58). 

THE McLEAN COUNTY SYSTEM OF SWINE SANITATION 

The McLean County System of Swine Sanitation was developed 
by Drs. Ransom and Raffensperger of the U.S. Bureau of Animal 
Industry, after years of research, and its practicability tested on 30 
cooperating farms in McLean County, Illinois, during a period of 
seven years, commencing in 1919. Although designed specifically to 
prevent infestation of young pigs with the common roundworm (As- 
caris lumbricoides or Ascaris suum) the system, if faithfully followed, 
will reduce the loss from other parasites, such as the thorn-headed 
worm, mange, lice, and filth-borne diseases such as canker sore mouth 
or bullnose, necrotic enteritis, and some forms of diarrhea. Also, pigs 
so managed will rarely become anemic. 

How the system is applied. There are three steps involved in the 
plan, the first of which has already been referred to (see page 74), 
as follows: 

1. Clean the farrowing quarters thoroughly and then scrub with boiiing 
water, adding one pound of iye to 30 gallons of water. 

2. Brush all loose litter and mud from the sides of the sow; then wash the 
udders thoroughly with warm water and soap, and then place the sow in the 
clean farrowing pen. This is done three or four days before farrowing. 

3. Coniine the sow and pigs to the farrowing pens until they are removed 
to a clean pasture, and haul — do not drive — them to the pasture. Water and 
feed must be provided in the clean pasture, as the young pigs must not, under 
any circumstances, be permitted to go back to the permanent hog lot for feed 
or water until four months old.21 

A clean pasture is a field that has grown a crop since last occupied 
by hogs, or a pasture that has not had hogs on it for at least one and 

” tl. B. RafTcnspcrgcr and J. W. Connelly. U.S D.A.. i.ci L -*4. 19.7 
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preferably two years. In order to avoid anemia, the time the sow and 
litter should be allowed to remain in the farrowing house before being 
hauled to the clean pasture, weather permitting, should not exceed 
one week. 

Most hogs have worms. According to Ransom one out of every 
three mature hogs harbors worms. One of these female worms may 
contain the astonishing number of 27 million eggs. As the eggs are 
liberated, they pass out with the feces. The soil of much-used hog lots 
consequently is usually heavily infested. When passed out in the feces 
the eggs are in the dormant, or noninfectious, stage. It is only after 
they have developed embryos that they become dangerous. Under the 
most favorable weather conditions, i.e., when it is warm and moist, 



Fiff. 19. Koundw'orms (^Iscaris 
hwibrkoitles). This common intestinal 
parasite when present in large num- 
bers takes a heavy (oil in unthriflincss. 

the eggs may develop from the dormant to the infectious stage in the 
short time of two to three weeks. Eggs discharged in early March, 
however, probably will not find the conditions sufiiciently favorable 
in the central Corn Belt to enable them to reach the embryo or in- 
fective stage before si.\ to eight weeks have elapsed. In a cool dry place 
they will remain in the latent or dormant condition for years. They 
arc very resistant to low temperatures. Just how long they will live in 
old hog lots and in the manure about straw stacks is not known c.x- 
actly; dial they generally survive our winters, liowcvcr, is certain. 

M Q. H, Kaawm, U.S.D.A.. LcaUct Nn. 5. 1921. 
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Ordinary disinfectants do not kill them. Direct sunlight and scalding 
water arc tlic two agents most certain to destroy them.-^ 

Worms mean unthrifty pigs. The practical damage done by the 
common round worm is expressed in various degrees of unthriftiness, 
by difficult breathing and “thumps,” and by pneumonia. These are 
the symptoms which largely are the direct result of the invasion of the 
lung tissues by the migrating larvae or tiny worms. Thumps have 
been experimentally produced by infecting young pigs with worms, 
and the affliction shown to be similar in every particular to the kind 
commonly observed in the field. Pus infections and abscesses of the 
lungs also may follow. Many pigs die if the lung infestation is heavy; 
if. the infestation is light there may be no evidence of respiratory 
trouble! By the time the worms reach a development in the small in- 
testines to make the administration of worm expellers of any use, 
most of the damage probably has been done. 

The accumulation of the mature worms in the small intestines of 
the young pig, however, seriously interferes with the digestion and 
the free passage of the food along the intestinal tract. Clumps of worms 
may form which completely obstruct the passage. They also levy a 
heavy toll on the pig’s food supply. Pigs heavily infested suffer from 
intermittent scours or diarrhea. The worms have been known to invade 
the gall bladder and ducts. The migration of the laiwae through the 
liver undoubtedly interferes with the work of that important organ. 
The younger the pig, the greater is the damage resulting from worm 
infestation. Pigs which are partly grown and are liberally fed on good 
rations, on the other hand, may harbor some worms without suffering 
any apparent injury (see Chap. XXII). 

NUTRITIONAL ANEMIA 

Pigs which are farrowed early in the spring or in late autumn, or 
are confined indoors for a period longer than one week after birth 
almost invariably become anemic. Under these conditions they become 
dull and listless, the skin pale and wrinkled, the hair stands on end, 
and the ears and tail droop. In severe or advanced cases the skm 
becomes thick and puffy in appearance, the breathing pumping or 
spasmodic in character, which may end with respiratory convulsions 
and death. Post-mortem examination reveals a great dilation of the 
heart, a degenerated fatty liver, pale viscera, and excessive quantities 
of thoracic and abdominal fluids."^ 


=’Robt. Graham and I. B. Boughton. III. 

P. Doyle, F. P. Mathews, and R. A. WhiUng. Ind. Exp. 


1923. 

Sta. 
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Fig. 20. Anemic pigs, the result of being confined the first three weeks after 
birth (courtesy, hid. Exp. Sta.). 


Anemic'pigs lack sufficient red blood. Nutritional anemia is a dis- 
ease associated with, or the result of, a depleted supply of hemo- 
globin (ted coloring matter) in the pig’s blood. Hemoglobin is the 
oxygen-carrying substance of the red blood cells. In the formation of 
hemoglobin, the elements iron and copper must be present. Sow’s 
milk, like that of most. other species, is deficient in iron. Unlike the 
young of most other species, however, the pig either is not born with 
a reserve store of iron in his liver and spleen sufficient to tide him 
over the period during which he is dependent solely on the mother’s 
milk, or his capacity for growth is so great that his body reserves of 
iron are exhausted before the opportunity to supplement the milk diet 
with solid foods is reached. 

As a result of this deficiency in the mother’s milk, a rapid decline 
in the number of red blood cells and the hemoglobin content of the 
blood normally takes place during the first three weeks of the life of 
the suckling pig. Three weeks after birth this depletion has usually 
reached a point where the content is no more than one-half the con- 
centration at birth. This is a critical period, for if regeneration in the 
supply of red blood docs not begin at once, or soon after, severe 
anemia results. 

Mctliuds of prevention and cure. Extensive investigations of anemia 
have been made at the Indiana, Illinois, Wisconsin, and other Stations. 
A summary of these studies points rather definilcly to the following 
conclusions and recommendations for its prevention and cure. 
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The disease cannot be prevented or cured by any known treatment 
or method of feeding the mother before or after farrowing. When 
confined indoors for more than a week a majority of the pigs in the 
litter will become severely anemic. 

Several methods of prevention have more or less successfully been 
used for confined pigs. ( 1 ) Spraying or swabbing the udders of the 
sow once or twice daily with a saturated solution of copperas (ferrous 
sulphate), made by dissolving half a pound of finely ground crystals 
in one quart of water, has given good results. Sufficient copper is 
found along with commercial copperas ordinarily to make the addition 
of this salt unnecessary. (2) Keeping in one comer of the pen a square 
of fresh sod or a shovel of clean soil for the pigs to root in has been 
favorably reported on by fanners and investigators. If this soil is 
sprayed daily with a copperas solution, prevention will be more cer- 
tain. (3) Dosing the pigs individually with the copperas solution has 
been proved most effective, but rather bothersome. 

A method of prevention tested and recommended by Professor 
R. G. Knox of the Ontario Agricultural College is that of placing a 
pinch of finely ground copperas crystals between the lip and gums of 
the pigs two or three times weekly. This appears to be the most effec- 
tive and practical treatment thus far recommended for confined pigs. 

When the litter is confined for a week or less and can then be placed 
outside in contact with clean soil, severe anemia does not develop. 

Finally, there should be added the important obse^ation that, 
although a pig with severe anemia may have the hemoglobin and blood 
count restored by appropriate treatment, the effect of the disease on 
some of the vital organs is often such that it suffers injury from which 
it never completely recovers. 


feedevg the sow and litter 

The vigor and rate of development of the pigs from birth to wean- 
ing time will depend largely on their supply of good food. First m im- 
portance in providing this nourishment is the mother’s milk, especially 
for the first month after birth; and second, the supply of appro- 
priate dry feeds to supplement it during the latter half of the nursing 

period. , , . 

The pig-creep. When two or three weeks old, the pigs begin to take 
an interest in their mother’s rations. This interest should be encour- 
aged, for pigs of this age have the teeth and digestive apparatus suc- 
cessfully to use small quantities of solid food. The sow produces her 
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maximum flow of milk on the average three weeks after the pigs are 
farrowed, and from this time on, the decreasing supply must be sup- 
plemented to meet the needs of the pigs whose feed requirements are 
increasing with each day. 



Fig. 21. A good type of pig creep, properly equipped. Note the home-made 
self-feeder and waterer and the raised platforms. In the feeder is a mixture of 
four parts cracked corn, one part cracked wheat, with 10 percent of a supple- 
ment of protein and minerals. 

The pigs, however, should not be required to take their chances at 
the trough with the sow, especially when several sows and litters are 
together. They get little feed and often come out of the scramble 
permanently crippled. A creep is desirable also because the limited 
digestive capacity of the pig prompts him to eat frequently. His ex- 
traordinary capacity for growth can be satisfied only when his feedings 
are not too far apart. 

As a guide in making up palatable rations for young pigs, it will 
be of interest to note their choice of feeds when offered a variety, in 
free-choice style. Carroll of the Illinois Station performed such an 
experiment with two groups of nursing pigs in the spring of 1930. In 
Table 19 the amount of each feed eaten, expressed as a percentage of 
the total feed consumed, is shown. The most outstanding characteristic 
of these figures shows the decided preference of the pigs for the whole 
as compared with the ground grains and their dislike, generally, of 
feeds containing much fiber. 

In an interesting experiment at the Minnesota Station Ferrin and 

rt\v. E. Carroll, A. II, Minieo. 315, IW5. 
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Table 19. Palatability of Feeds for Sucking Pigs 



Group 1 

Group 2 

Number of pigs 

96 

71 

Average age of pigs at start (days) 

39 

46 

Days on test 

41 

28 

Shelled corn consumed 

39% 

38% 

Coarsely ground corn consumed 

1% 

4% 

Wheat middlings consumed 

0% 

1% 

Steel-cut oats consumed 

35% 

45% 

Ground oats consumed 

0% 

0% 

Hulless oats consumed 

10% 

0% 

Ground hulless oats consumed 

2% 

0% 

Supplement consumed 

7% 

11% 


associates compared skim milk and tankage as supplements to a 
ration of yellow shelled com and red dog flour for fall-farrowed 
suckling pigs, the test period beginning as soon as the pigs had learned 
to eat dry feed and continuing to weaning time. The com was fed 
separate and dry, while the skim milk and tankage were mixed with 
the red dog in their respective lots and fed as a slop. A third group 
of pigs was given the com and red dog without an additional supple- 
ment. The pigs in all three lots had access to green rye and received 
twice a week a mineral mixture supplied in the slop. The pigs, 18 or 
19 in each group, were 30 days old when the test began on October 
20. The summarized results are shown in Table 20. 


Tabic 20. Skira Milk and Tankage for Nursing Pigs 




Final 

Daily 

Feed Required 

Rations 

Weight 

Weight 

Cain 

for I Cwt. Gain 


lb. 

lb. 

Ib. 

Ib. 

66 

17 

166 

Shelled corn red dog 
flour 4- skim milk 

17 

35 

0.757 

Corn 

Red dog 
Skim milk 

Shelled corn red dog 
flour -j- tankage 

14 

28 

0.555 

Corn 

Red dog 
Tankage 

59 

17 

7.87 

Shelled corn + red dog 
flour 

14 

25 

0.451 

Corn 

Red dog 

74 

40 


The rcsulls indicate that nursing pigs will make profitable use of a 
protein-rich supplement along with grain. The gams made by the pigs 

“E. r. remn, .\I. A. .McCany. anJ C. R. O.lui.n. -V It. M.mco. 1117. ISCr. 
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getting tankage were good, while for those receiving the skim milk 
they were exceptional. 

Some creep rations. Following are some creep rations that have 
given good results: . 

1. Four parts cracked com + 1 part cracked wheat + 1 part 
tankage, mixed together and self-fed. 

2. Four parts cracked com or ground barley 1 part wheat mid- 
dlings -|- 1 part tankage, mixed together and self-fed. 

3. Shelled com and huUess oats, or ground oats with the hulls 
sifted out, self-fed, free-choice -j- skim milk or buttermilk, 
hand-fed. 

4. Shelled com, self-fed -}- skim mUk or buttermilk, hand-fed. 

5. Three parts cracked com -j- 1 part red dog flour, mixed together 
and self-fed -1- skim milk or buttermilk, hand-fed. 

6. Shelled com, self-fed -|- a slop of 1 part flour middlings or ted 
dog flour and 4 parts skim milk or buttermilk, hand-fed three 
times daily. 

7. Rolled oats, self-fed. 

Weaver of the Missouri Station suggests the following ration: 
Two parts shelled or preferably ground com and one part of a mixture 
made up of equal parts wheat shorts, tankage (or meat scraps), soy- 
bean oil meal (or linseed or cottonseed meal), and choice quality 
alfalfa meal (if on good pasture omit the alfalfa). Also self-feed a 
mineral mixture of equal parts finely ground limestone, bone meal, 
and salt. 

The practice of supplying the nursing pigs, after they are four weeks 
old, with a dilute solution of semisolid buttermilk for drink has been 
favorably reported on by a number of good hogmen. From 15 to 20 
parts of water are used with one part of the semisolid product. 

For best results in thrift and gains, these young pigs must be feti 
carefully. In hand-feeding a slop of milk by-products, it is particularly 
important that no more be given at one time than will be cleaned up 
promptly. When hand-fed, they should bo given small amounts and 
often, say, four or five times a day. The self-feeder, when used, should 
be carefully adjusted and the trough frequently cleaned. These pre- 
cautions arc important in eliminating one of the common causes o 
scours. 


» L. A. Weascr, Cir. ISO, 194}. 
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Antibiotics stimulate growth o£ nursing pigs. Carpenter of the 
Hormel Institute reports that the addition of APF (Lederle’s No. 5) 
concentrate to the creep ration of roiled oats, at the rate of 1 percent, 
increased the weaning weight by the difference between 25 and 36 
pounds compared with those receiving rolled oats alone. Feeding 
the dams during lactation an APF concentrate containing aureomycin 
at the rate of 0.5 percent of the ration had no effect on the weaning 
weights, indicating no transfer of the antibiotic to the pigs through 
the milk. In further studies he determined that the addition of 2 grams 
of pure aureomycin to 100 pounds of rolled oats in the creep ration 
increased the weaning weight over the control pigs from 22 to 33 
pounds. Two grams proved to be as effective as either 4 or 8 

grams. „ . , . j- 

Creep-feeding not so necessary when sows are self-fed. According 
to studies made by Terrill and associates of the Illinois Station 
there is little if any advantage in creep-feeding the pigs when the sows 
are self-fed a well-balanced ration, and when ample feeder spaces are 
provided for the pigs, and when the number of sows and litters to- 
gether is limited to three or four to the lot In a test involving 24 spr ng 
and 10 fall litters, with generally three litters to each lot and Ba 
rye or brome-bluegrass forage available, they found "o significant 
dWence in favor of the pigs provided with the creep. Under these 
conditions, even with the extra-special creep ration offered, the pigs 
consumd so little of it that its effect on gams was negligible. 

Feed requirements of nursing sows. The best ration to feed the sow 
which is nLing a litter of pigs is.the one which is cheapest and mos 
productive of a large milk flow. It is so important that a full flow of 
Llk be produced, however, that the balance ^d ^e 

ration should not be sacrificed for economy The amount 
of the milk supplied by the sow determines the rate of gam of the p^gs, 
especially during the first four weeks. A ration of straight co n or o^er 

^ 1 • u • 1 Even when balanced with protein 

cereal is obviously inadequate, i^vcu w 

, , . it ;«? ctill Inckms Xo meet all nutritional 

supplements and minerals, it is still lacKing. „ 

tliif to thcsc there must be added leeds 
requirements, it is now known tnat to 

:;::S^t m note at this time the afl-imponarn fact _^t good 

lactation and pig sumva^ “^^^“princfple" was''“emonstrated in the 
the sow during gestation, inis pnncjp 

” Lawrence E. Carpenter. Pub. No. 61 . 1951 . 

”S. W. Terrill, J. L. Krider. and G. W. bhernii. o 
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experiments reviewed in Chapter III. Inadequate rations during gesta- 
tion mean lactation failure during the nursing period, and the best of 
feeding during lactation cannot overcome wholly the carry-over effect 
of a defective diet during gestation. 

That the ration fed during the period of lactation does, however, 
affect the milk flow and the gains made hy the pigs, regardless of 
previous treatment, is indicated by the results of a study of the protein 
requirements of nursing sows by Work and associates of the University 
of Hawaii."® Their test rations were made up of corn meal, standard 
middlings, crushed oats, soybean meal, fish meal, and a legume hay. 
One ration contained 14 percent of protein, the other 10 percent. 
Each was fed to 10 nursing sows in alternate periods. Pigs from the 
sows when on the higher-protein ration weighed 34.6 pounds at wean- 
ing time, while pigs from the same sows when fed the low-protein 
ration weighed 23.1 pounds. Weekly studies of the milk production, 
of two sows showed the highest production during the fourth week of 
lactation, averaging 7.9 pounds daily on the high-protein ration, and 
6.7 pounds on the low-protein ration. 

Components of a good miik-producing ration. The essential com- 
ponents of a good milk-producing ration are (1) one or more of the 
cereal grains, as a cheap supply of carbohydrates; (2) a protein sup- 
plement, preferably partly of animal origin, sufficient to supply about 
15 percent of crude protein in the ration; (3) a simple mineral mix- 
ture, especially when no animal supplement is fed; and (4) fine-quality 
alfalfa or other legume hay in an amount to represent about 10 percent 
of the ration by weight, or fresh green forage, mainly for their supply 
of vitamins and regulating effects. 

Normally, the nursing sow requires a somewhat larger proportion 
of protein and mineral matter in her ration than is needed during 
gestation. The requirements ate sufficiently similar, however, that 
good results may be expected by continuing the ration fed during the 
latter half of the gestation period, with but slight modification, during 
the lactation period. 

E.xamples of good lactation rations. The following combinations of 
feeds are believed to contain all the nutrients in balanced proportions 
that arc required to stimulate a maximum milk flow. The percentages 
are by weight, not measure. 

"L. Work. A. Henko, and I_ Ik Harris, Jr. An. Sc!., Abs., Vok I. No. I, 1942. 



CARE AND FEEDING OF THE SOW AND LITTER 99 


Ration 1 

Ground corn 

60% 

Ground oats 

30% 

Tankage or meat scraps 
Legume forage 

10% 

Ration 3 

Ground corn 

20% 

Ground oats or barley 

14% 

Skim milk or buttermilk 
Legume forage 

Simple mineral mixture 

66% 

Ration 5 

Ground corn 

50% 

Ground oats 

30% 

35% protein supplement 

10% 

Alfalfa meal 

Simple mineral mixture 

10% 

Ration 7 

Ground corn 

53% 

Ground oats 

20% 

Wheat middlings 

Forty-percent mixed protein 

15% 

supplement 

Green forage 

12% 


Ration 2 

Ground corn 

70% 

Wheat shorts or middlings 

20% 

Meat scraps 

5% 

Soybean oil meal 

Legume forage 

5% 

Ration 4 

Ground corn 

30% 

Ground oats 

30% 

Wheat middlings 

20% 

Fish meal 

5% 

Cottonseed meal 

5% 

Alfalfa meal 

10% 

Ration 6 

Ground barley. 

40% 

Ground oats 

30% 

Wheat shorts 

20% 

Linseed or cottonseed meal 

5% 

Meat scraps 

Green forage 

5% 

Ration 8 

Ground oats 

40% 

Ground barley 

30% 

Wheat shorts 

Tankage, meat scraps, or 

10% 

fish meal 

10% 

Alfalfa meal 

10% 


The above rations contain from 14 to 16 percent of protein, not 
including that eaten in the forage. Where a simple mineral mixture 
was not recommended, the calcium content of the rations varied from 
0.42 to 0 67 percent, and the phosphorus from O.SS to 0.99 percent. 

It will be noted that the above rations conform in their make-up to 
the following general plan or formula; Cereal grams + an animal 
protein supplement (or a combination of an animal and vegetable 
protein supplement, or a vegetable protein supplement and a mineral 
mixture) green forage (or line-quality legume hay ). 

A very satisfactory mineral mixture is equal p.irts by measure of 
wood ashes, steamed bone meal, limestone dust, and eommon sail: or 
two parts of limestone dust, two parts steamed bone me.il. and one of 
conunon sail. BcnI rcsull-s will he secured if ihe gram is ground, p-ir* 
liculariy llic small grains. Wheihcr ihe rations are fed m a slop or ur>- 
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is not a matter of much concern, although the more common practice 
is to slop. 

Amount to leed. The results, in hand-feeding, will depend very 
much on the care and judgment of the feeder in determining the 
amount which should be fed. Sows which have six or more pigs to 
nurse should be fed full rations. Even when given all the feed she will 
eat, the average sow in moderate condition at farrowing time will lose 
between 25 and 65 pounds during the lactation period. The fatter the 
sow at farrowing time, the greater will be the loss in weight. One 
hundred sixty-five sows at the Indiana Experiment Station that had 
been experimentally fed full rations during the winter and which were 
heavy fat at farrowing time lost an average of SV/z pounds during 
the subsequent nursing period. This did not include the loss of weight 
which occurred in farrowing. Self-fed sows lose less than those which 
» hand-fed. Studies have shown also that the heaviest milking sows 
are usually the biggest eaters and the heaviest losers. In hand-feeding, 
therefore, the amount fed at any feed should be regulated by the appe- 
tite, just a little less being given than would be taken. This method 
will ensure the maximum feed consumption and result in cleaner 
troughs. A good sow will eat from 10 to 14 pounds of dry feed daily, 
or about 3 pounds daily pec hundredweight. Deep-milking sows with 
large Utters may with advantage be fed three times a day. 

If the sows can be fed individually at this time, it will not only he 
an aid to good feeding but will result in greater uniformity of the pig 
crop. Two or three sows with pigs approximately of the same age, 
however, may occupy the same lot and be fed together with good 
results. The practice of allowing all the sows with pigs of all ages 
and sizes to run together is the surest way to encourage “robbing” 
and the production of a large proportion of runts. If it is necessary 
that several sows occupy the same quarters, those only with pigs of 
about the same age should be placed together. 

In every herd there are commonly a few sows to be found which 
are nursing but two or three pigs each. Such sows usually employ their 
food for the production of fat rather than milk, and when their piS® 
are four or five weeks of age, they start taking on weight. In case the 
small Utters arc the result of accident and not of any deficiencies of 
the sows themselves, they should be fed the amounts which will main- 
tain them in fair flesh. On the other hand, if the small litters are the 
result of natural inferiority or neglect on the part of the sows, full 
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rations should be continued and the sows sent to market as soon as 
their pigs are weaned, or soon afterward. 

Self-feeding nursing sows practical. Although hand-feeding is still 
preferred by the breeder, an increasing number of commercial pro- 
ducers is adopting the self-feeding plan, especially when large numbers 
are involved. It saves labor, and when the number of sows and litters 
lotted together does not exceed three or four, and when sufficient 
feeder space is provided, the results are practically as good as those 
obtained in hand-feeding. When all the sows with litters of different 
ages are run together, however, and when creep-feeding is not prac- 
ticed, the results as measured by the size and quality of the pig crop 
at weaning time are disappointing. 

Water supply important. The average sow when nursing a litter of 
pigs requires four to five gallons of water daily as drink. Regardless 
of the ration fed, a large milk flow is impossible without generous 
water consumption. Gamer and Sanders found that 37 Large White 
sows consumed during the nursing period an average of 42.7 pounds of 
water daily. These sows drank as much water in winter as in summer, 
and there appeared to be no relation between the number of pigs in 
the litter and the water consumption. The consumption tended to 
decline with the advance of lactation. These facts emphasize the need 
for attention to this important item of management. 

Raising orphan pigs. On most hog farms the pigs which may be 
left without a mother can be distributed among the other sows whose 
litters are of about the same age. Occasionally, however, conditions 
are such that this transfer is not possible and the lime and detailed 
attention required to raise them by hand is justified. 

Cow’s milk containing from 3 to 314 percent of fat probably is the 
most suitable food for the orphan pig. Even after he has begun to cat 
dry food, it should constitute the principal part of his diet. Although 
sow’s milk is considerably richer both in protein and fat than cow’s 
milk. Beach found that digestive troubles N\crc less likely on thin 
than on rich cow’s milk. Evvard’s studies showed that there was lillle 
if any practical advantage in modifying cow’s milk by adding to il 
casein, blood meal, or linsced-oil meal sufficient to increase the pro- 
tein content 1 percent, or to the Ic\cl of sow s milk. 


•‘F. II. Garner and It. G.SanJcf*,.//'. 

"C. L Ikach. Conn. lUp. Sta.. ilul. 

“John M. la. Ijp. Ma.. Kct UuL .1. IV-J 
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Fig. 22. Three inverted nipples, or “blind” teats, on the right side. The 
number of pigs raised is limited to the number of functional teats available 
(courtesy, Prof. L. A. Weaver ond Mo. Exp. Sta., Bid 461, 1943^. 


If the pig has had a few nursings of the first milk of its mother or 
some other sow, it will be greatly to his advantage. For the first few 
days the milk should be fed at body temperature, especially when 
the weather is cold. Frequent feedings are also desirable. It is well to 
remember that the very young pig normally nurses every 1 to 2 hours. 
A good rule is to feed at first every 2 or 3 hours during the day, be- 
ginning at five o’clock in the morning. The second week the number 
of feedings for the 24-hour period may be reduced to five or six, and 
the third week to four or five. When tile pig starts eating dry feed, 
the schedule may be appropriately reduced to three or four feedings 
a day. 

By immersing his nose in the milk a few limes, the pig will soon 
learn to drink from a shallow pan. It is better to use a shallow pan 
than the ordinary trougii because it will be easier to clean, and clean- 
liness is imperative. The use of the bolllc and rubber nipple is not 
practical. The amount fed sliould be governed by tiie capacity of the 
individual pig to take it wiiliout causing scours. Some will lake more 
than they can digest. For the first month the pig will consume about 1 
quart daily, on the avertige. It is doubtful if he should ever be fed 
more than Hi quarts daily at any later lime. 
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Green and associates of the Minnesota Station in a valuable 
study, “The Artificial Rearing of Baby Pigs,” report excellent results 
by employing a self-feeding method. Baby pigs ranging in age from 
those that had not nursed up to those 1 week of age at the start of the 
tests were used. A fresh supply of 3'/4 percent pasteurized cow’s milk 
was provided each morning in thoroughly sterilized 5-gallon gal- 
vanized iron cans so equipped that when inverted over the trough 
1 inch of milk was kept in the trough at all times. Air bubbles rising 
in the can when the pigs drank provided sufficient agitation in the 
milk to prevent “creaming out.” No trouble was reported from scours 
which might be attributed to ad libitum feeding. The pigs thrived; 
eight of them weighed from 45 to 60 pounds at eight weeks of age. 

These investigators demonstrated that baby pigs will do well when 
self-fed on pasteurized cow’s milk, and they described the equipment 
and the methods of sanitation and sterilization which it is necessary 
to employ in order to prevent contamination of the food supply. The 
chief problem, and the one most difficult to solve in practice, would 
seem to be represented by the difficulty of maintaining all milk utensils 
in a thoroughly aseptic condition at all times. 

Weybrew and associates of the North Carolina Station success- 
fully raised baby pigs in screen-floored cages from 2 days of age past 
the sixth week on three reconstructed milk diets, as follows; (A) 
evaporated milk, (B) reconstructed skim-milk solids plus butter, and 
(C) reconstructed whole-milk solids. Each diet has added to it appro- 
priate mineral supplements and cod liver oil. The pigs were pan fed 
four time's daily at 4-hour intervals in amounts that would be taken in 
30 minutes. 

At the normal weaning age of 8 weeks the average weight of the 
pigs was as follows: on Diet A, 35 pounds; on Diet B, 46.8 pounds, 
and on Diet C, 48.6 pounds. The average weight of the pigs in a com- 
parable group of three litters which suckled their dams on pasture with 
access to a self-feeder was 33.9 pounds. 

Orphan pigs should be given every advantage in the way of clean 
drinking vessels, sanitary quarters, green feed, exercise, and sunshine, 
if they are to do well. They should be encouraged to take dry feed at 
an early date. Measures for the prevention of anemia should not be 
neglected. 

*‘W. w. Green, H. H. Brugman. and L. M- Winters. Jr. An Sn.. \’oJ 6. No. 

2 1947 

“J. A. Weybrew, U. .L Slc»an, G. .Malronc. and W. J. Pclcrson. I,. An Sci . 

Vol. 8, No. 2, 1949. 
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Castration. Tests made by Warwick and VanLone of the Wis- 
consin Station indicate that pigs castrated the first week of their lives, 
or at birth even, show as low mortality and as strong growth vigor 
later as the females in the same litter, or those castrated when between 
the ages of 4 and 5 week's. Under farm conditions, probably the earlier 
the pigs intended for market are castrated the better the results will 
be. Compared with the method of castration just before or after wean- 
ing, it has several advantages. The wounds heal more quickly, the 
pigs are easier to handle, they are under closer supervision, and they 
seem less likely to become infected. 

Although this is not a dangerous nor a complicated operation, 
certain precautions will help to reduce the likelihood of complications. 
So far as possible the pigs should be empty of much feed; one should 
ivoid getting them warmed up and excited when penning them; a 
vhetstone should be handy and the knife kept sharp. A pan of strong 
lisinfectant, such as a 4-percent solution of a coal-tar dip, should he 
It hand in which the knife is placed between operations and which 
should be used to sponge off the scrotum before operating. In per- 
forming the operation it is important that the incision be made low 
enough to prevent any accumulations of the drainage into the base of 
the pouch. With young pigs the cord should be pulled out or broken 
off well forward. It is important that the hands of the operator and 
the knife be kept clean. After the operation the best place for the pigs 
is a clean pasture; the worst is a germ-infected, dusty dry lot containing 
convenient wallows (see Chap. XXII). 

Vaccination. There can no longer be any question concerning the 
wisdom of permanently immunizing pigs against cholera, especially 
in the more densely populated swine areas. Where vaccination is not 
regularly practiced, a visitation of the disease may be depended on 
every 3 to 5 years, and it is so devastating in its effects that protection 
purchased at a cost of around a dollar a head is cheap insurance. On 
those farms which produce pedigreed hogs, the risk is still greater. 
The probability of infection is increased by the purchase and exchange 
of breeding stock, by visitors and prospective buyers, and by showing 
at the fairs. Another important fact is that the sanitary restrictions of 
most states now require a cholera vaccination certificate before a hog 
may be brought into the state. 

The older the pigs are when vaccinated, the more important is it 

•■B. 1- Warnict and E. E. VanLone, Reprint, A. Vet. McJ. Ast n. Vol. LX*-''- 
22, Np- 5» Aug., 192& 
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to restrict their feed. Especially with pigs weighing 40 or 50 pounds, 
the morning feed should be omitted or the feeder closed the night 
before. They will withstand the excitement of driving, catching, and 
holding much better when empty than when full of feed. Full rations 
should not be given for 2 or. 3 days after. Many believe that com- 
plications will be very much less likely to occur under these con- 
ditions. . . . • - 

Although week-old pigs have been permanently immunized against 
cholera by the usual serum-virus treatment, most veterinary authori les 
have concluded that life-time immunity is best ensured by vaccinating 
when 6 to 8 weeks of age. Regardless of age, however, successful 
results are possible only when potent serum and virus are used on 

weeks of ale. If they have had up to this time the advantage of a creep 
and good rations, they will scarcely 

secreted in rather limited amounts at t >5 im since 

are to raise fall litters should be taken from their ® 

sows usuaUv do not come in heat whUe suckling the r pigs, and early 

sows usuauy no noi extremely 

fall litters are desirable. On the omern , 

heavy milkers and which are not to he Drea may f 

to nurse their nigs for 12 weeks, provided they are li^berally fed. A tew 

to nurse tneir pigs f-om their pigs their rations should 

days before the sows ar^^movedjr^^^ t^,^^ ^P^= 

be matenally ra^uix . P j j caked udders at weaning time. 

the conditions which favor inflara 

It is commonly put back the next day and the pigs 

Some recommend ^be desirable with individual sows, 

allowed to nurse partially_^.sma^ he des.^^^^ ^ 

sh^M be put iL'a°dry lot and fed only scanty rations for a few days 

until their udders begin to shnvcl^a^^_W average pig in a well- 

Gains of pigs from i a"e daily gain of 'A pound from 

managed herd should a weight of approximately 30 

birth to weaning j g ^^ceks. Under the best of condi- 

rangingfromadailygamof less t ^n - . 

In Table 21 pigs'during the first 7 wceHs 

daily gains by weeks of-- 

of the nursing period, incsc 
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records of 12 Utters at the Wisconsin Station and 10 Utters of the 
Purdue University herd. Both sows and Utters were liberaUy fed on 
good growing and milk-producing rations during the suckling peno . 


Table 21. Showing Weekly Gains of Pigs from Birth to 
Seven Weeks of Age 


Weekly gains per pig 
Daily gains per pig 

First 

Week 

lb. 

2.63 

0.38 

Second 

Week 

lb. 

3.08 

0.44 

Third 

Week 

lb. 

2.79 

0.39 

Fourth 
■ Week 

lb. 

3.15 

0.45 

Weekly gains per pig 

Fifth 

Week 

3.19 

Sixth 

Week 

3.35 

Seventh 

Week 

4.39 

Total Seven 
Weeks 

3.22 

0.46 

Daily gains per pig 

0.46 

0.48 

0.63 


These figures are conservative and show the remarkable capacity 
of the new-bom pig for growth. During each of the 7 weeks these pigs 
gained an amount considerably in excess of their birth weight. ' 
original weight was doubled the first week. The weight at the en o 
the 7-week period was more than eight times the birth weight. 

A study of the individual Utters here summarized revealed t 
interesting fact that the pigs in the small litters did not gain any 
than did the individual pigs in the large Utters (see Chap. V) . Anot e 
observation, which may be made from the table, is that the gaining 
capacity increases regularly from week to week, except for a ore 
which occurs during the third period. This latter undoubtedly is t ' 
result of the fact that it is about three weeks after birth that the pip 
are likely to become more or less anemic, a condition from w 
recovery immediately follows under good feeding conditions t 
page 91). j 

Some Production-Registry records. To show how far short goo 
average performance actually falls below possible aCCompUshnicn^ 
there arc given here the oflicially attested records of the top si.x so'^ 
of each of seven breeds which arc participating in the all-breed 
duction-Rcgistry program as organized and sponsored by the 
Association of Swine Records. The average weaning weight of 
42 litters at 56 days of age was 543 pounds. The average nuni er^^^ 
pigs per litter of six of the breeds (records for one breed were 

>'NV. J. Cubic, DuL IM. 190J. 
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available) was 11.69, which had an average weight at weaning time 
of 46.9 pounds. Assuming a birth weight of 3 pounds, this represents 
an average daily gain during the nursing period of 0.78 pound. 

The record of one of these sows. Miss Fancy 51082, is especially 
noteworthy. Her first litter was farrowed September -20, 1945, and 
her ninth Utter September 10, 1949. Each was a Production-Registry 
litter. She farrowed an average of 1 1.9 pigs to the litter and raised an 
average of 10.3. At weaning time the litters averaged 522 pounds. 

CULLING OUT THE UNPRODUCTIVE SOWS 

The best time of year to make an accounting with the sows is after 
they have weaned their pigs. They have individually just finished a 
test of performance which offers the best and most practical basis for 
the selection of future breeding stock. As a general rule, only those 
sows which have produced good-sized even litters of pigs and suckled 
them well should be retained for another breeding season. The prolific, 
heavy-milking sow, though “thin as a rail” when her pigs are taken 
from her, is the foundation of every successful herd of hogs. Such a 
sow should hold her place in the breeding herd so long as there are no 
better ones, according to the same standard, to take her place. Mature 
sows which fail to raise Utters of seven good pigs under good manage- 
ment conditions should ordinarily be put into the fattening pen. Al- 
though they may be smooth and good to look at, the herd from a pork- 
producing standpoint should be rid of them. Sows with defective teats, 
the sows with mean dispositions, the gilts which did not perform up 
to expectations, the pig killers, and the poor milkers should be dis- 
posed of. No market-producing herd can be brought up to and main- 
tained at a high level of breeding performance without constant cull- 
ing, and no herd of pedigreed stock can be made to succeed where 
“looks” and not performance is the test in selection. 

Fattening the cull sows. Those sows which are to be discarded 
should ordinarily be given a short period of intensive feeding in con- 
fined quarters, sufficient to put them in moderate condition before 
being sent to market. Normally, the effort should be made to get them 
to the “yards” early in order to avoid the glut of “packer” hogs, which 
normally occurs during the late summer. So long as the lard market 
continues in its present slate of collapse, feeding them longer than a 
few weeks is not advisable. 

Should fatlcning sows he bred? The common farm practice of turn- 
ing the boar in with the sows that arc being fattened for market was 
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investigated by Johnson and Wright of the South Dakota Station.^® 
In a survey of the hogs marketed in August, 1945, at the Morrell 
Packing Plant of Sioux Falls, South Dakota, they found that the “kill” 
consisted of 29.7 percent barrows, 35.3 percent open sows, and 35 
percent of sows which had been bred. In this latter group of “piggy” 
sows, one-third had carried their foetal Utters less than 60 days, and 
one-third more than 80 days. 

Feeding and slaughter tests comparing bred and open sows were 
made in three successive years, 1943 to 1945. Following the weaning 
of their pigs, in June and early July, the sows were divided into two 
similar lots and fed well-balanced rations on rape pasture for an 
average period of 57.5 days. The sows in one lot were bred as they 
came in heat; those in the other lot remained open. Eighty-five percent 
of the sows bred became pregnant. 

The bred sows consumed more feed and gained faster than the open 
sows. After deducting the extra wjeight due to the foetal litter from 
the final weight, the bred sows outgained the open sows by the differ- 
ence of 2,00 and 1.91 pounds daily; the feed required to produce a 
hundred pounds of gain, on the same basis of calculation, was 494 
and 503 pounds, respectively; the dressing percentage in the two 
groups was practically identical, 80.3 and 80.4 percent, respectively. 
Tlicre were no important differences observed in the quality of the 
carcasses. But the 17 “piggy” sows sold for $13.06 per hundredweight, 
and the 23 open sows sold for $13.42. 

Chiefly because of the difference in selling price, the authors con- 
cluded that the practice of breeding sows during the fattening period 
was undesirable and unprofitable from the standpoint either of the 
breeder or packer. 

Spaying sons not practical. J. F. Braga compared 10 spayed with 
10 entire sows during a 120-day fattening period. He found that, al- 
though the spayed sows gained faster on less feed, the difference was 
so slight that Ilia c.\tra cost and risk involved in tlic operation were 
not justified. 


HEUn RECORDS 

In the management of a pedigreed herd, a systematic and detailed 
set of permanent records is imperative. The reliability of every pedi- 
gree rests not only on the integrity of the breeder, but also on the faith- 

*' Leslie E- Johnson end Turner Wricht. Jr. An. Set., Vol. 7, No. I. I'efa,, 

*^Abs. 172, Aiumji liffrJjng Aburact, 16 CJ), 41. 



CARE AND FEEDING OF THE SOW AND LITTER 109 

fulness and care with which the records have been kept. It is desirable, 
therefore, that the system of record keeping adopted possess the fol- 
lowing features: it should provide for the statement of all essential 
facts, i.e., it should be complete; it should be logically and systemati- 
cally arranged; it should be as simple as possible and adapted to the 
needs of the individual breeder; and it should be of a kind which will 
ensure permanency. 

The records may be kept either in specially made book form or on 
suitably ruled cards which may be indexed. Each form has its ad- 
vantages. The publishers of practically all breed papers now put out 
private herd record books which are furnished to the breeders at a 
nominal cost. These have done much to encourage the systematic 
keeping of records and to give confidence in the results of pedigree 
registrations generally. These books are inexpensive, convenient to 
use, and entirely satisfactory. They are especially recommended for 
breeders who are poor bookkeepers. 

In addition to the sow and litter divisions, a complete record system 
should also provide spaces for (a) an extended pedigree of each boar 
and a list of the sows to which he has been bred during the year; (b) 
a summarized record of the individual animals bought and sold; and 
(c) an index. If such a system is supplemented by giving each sow in 
the herd which has produced two or more litters a page or card upon 
which may be recorded a summarized statement of the litters she has 
produced, the number of pigs farrowed and raised in each, the number 
letained, and the number sold and total value, it will facilitate the 
study of the performance records and ensure a more accurate estimate 
of the value of each sow in the herd. 



V Size of Litters; Birth Weight of Pigs; 
Milk Floto of Sotvs 


In the following pages some 0gures are given which show the in- 
fluence of certain factors on the size of litters, birth weight of pigSj 
and the milk flow of sows. Since the usefulness and value of a sow 
are largely determined by her performance in these particulars, the 
studies should be of interest. 

SIZE OF LITTERS 

The ability of the sow regularly to produce large Utters is the most 
fundamental and valuable of those traits which determine her useful- 
ness in the breeding herd. In view of this, it is of considerable im- 
portance to learn what factors are responsible for its wide variation 
and the extent to which these are under the control of the breeder or 
feeder. The following factors will be considered in their possible rela- 
tionship to the number of live pigs farrowed: age of the sow, feeding 
and condition of the sow when bred, crossbreeding, inbreeding, the 
boar with which the sow is mated, prenatal deaths, type and breed. 

Age of sow. The number of pigs per litter farrowed varies widely 
among the sows of the same and dilTerent herds. That some of this 
variation is due to differences in the ages of the sows is commonly 
believed. In Table 22 arc presented data assembled by Rommel ' 
from a study of the farrowing records of 6145 sows recorded in Vol- 
ume 36 of the American Poland China Record. 

In Table 23 arc presented the results of a similar study by 
of the Iowa Station and Molin of the U.S. Department of Agriculture.- 
Thesc data, which include records on 7415 litters for number of h'lt 
pigs farrowed, and 4920 litters for number weaned, were derived 
from records reported for eight State college and experiment station 

»Cco. N!. Rommel. U.S.D.A.. Hu. An. InJ., Cir. 1 12. 

I Jay L. Luih anJ A. E. .Mohn. US.D.A., Tech. UuL 836, 1942. 

' no 
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Age of 

Sows 

Number of 
Litters 

Average Number of • 

Pigs per Litter 

1 year 

2010 

6.64 

2 years 

2047 

7.56 

3 ** 

1157 

7.88 

4 “ 

606 

8.26 

5 “ 

325 

8.40 


herds, and for the experimental herd maintained by the U.S. Bureau 
of Animal Industry. The data considered here include only the records 
of sows up to and including those six years of age. 


Table 23. Size of Litters Faironed and Weaned by Sows 
of Different Ages 


Number of Live Pigs Farrowed Number of Pigs Weaned 


Age of 

Sows 

Number 
of Litters 

A verage 
per Litter 

Number 
of Litters 

A verage 
per Litter 

(years) 

1 

1838 

7.92 

1223 

5.07 

V /2 

1181 

8.49 

759 

5.53 

2 

1515 

9.49 

978 

5.99 

2 V 2 

937 

9.49 

643 

5.67 

3 

772 

9.88 

532 

5.47 

V /2 

448 

9.93 

307 

5.68 

4 

339 

9.58 

230 

5.07 

41^ 

162 

9.76 

114 

5.18 

5 

112 

9.42 

76 

4.86 

51 A 

48 

9.04 

32 

5.78 

6 

34 

8.82 

21 

4.76 


The results indicate that the V/ 2 - and 2-year-oId sows farrow and 
raise larger litters than those 1 year of age, and that 2 V 2 - and 3-year- 
old sows farrow larger litters than 2-year-olds. Records for the sous 
reported by Rommel show an increase in number farrowed up to and 
including those 5 years of age. Lush and Molin s data indicate an 
increase in number up to and including only those in the 3 -year 
group. With some exceptions, the number per litter u caned varied 
directly with the number farrowed. These averages are based on a 
sufiicient number of observations to make them indicative of the 
fertility of sows of different ages as they arc found in the general 

population. • i- • 1 

These results should not be interpreted to mean that the indi%»dual 
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sows, 176 produced their fourth litters, the average for which was 0.22 
pig larger than their third litters. In the same way, it is determined 
that the fifth litters were 0.239 pig smaller than the fourth, while the 
sixth slightly exceeded the fifth litters. The seventh litters were very 
much smaller than the sixth, while of the 18 sows producing eight 
litters, the eighth slightly exceeded the seventh. Only 7 of these sows 
produced their ninth litters, and only 5 their tenth, but with these 
litters there was a decided decrease in their size. 



Number of Litters 

Fig. 23. Variation in the number of pigs in successive litters. 

These results, expressed graphically in Fig. 23 will show more 
clearly the llucluations which may be expected in the size of the suc- 
cessive litters of any individual sow. 

According to this curve, a sow may be expected to produce an 
increasing number of pigs up to and including her fourth litter. From 
the fourth litter on, she may be expected to produce a decreasing 
number with each succeeding litter. The number of sows with records 
here of seven, eight, nine, or ten litters is too small, however, for the 
averages to have significance. The extreme lluetuations shown in the 
latter part of the curve would be made to dis.ippc.ir if a larger iiiiiiilvr 
of records for these ages w.is as.iilable. As a result of this limiutioii 
of numbers, the broken line is a more reliable indication of the per- 
formance. 
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No attempt was made in this study to allow for the sow producing 
two litters a year. It is believed, however, that she will as closely ap- 
proximate the curve shown as she would if producing but one. The 
large increase of the second over the first litter was probably the result 
of the fact that many of the sows produced their second litter after a 
rest of six months. The average size of the litters here reported was 
slightly over nine. 



Fig. 24. Whea this young sow was less than 1 year old she farrowed 12 
pigs, the 1 1 surviving averaging 45 pounds when 58 days old. Note her “suckled- 
down” condition. Just before farrowing she weighed 450 pounds; when this 
picture was taken she weighed 330 pounds. She lost 80 pounds in weight during 
the nursing period despite the liberal feeding of a rich tnilk-produoing ration. 

Feeding and condition of sow. It has been observed by hogmen that 
the way a sow is fed the week or two before breeding has some influ- 
ence on the number of eggs secreted when she comes in heat and on 
the size of the resulting litter. It is not so much the direct effect of 
feeding alone, although this tends to stimulate the ovaries, as it is the 
state of health and thrift brought about by a combination of judicious 
feeding and liberal exercise during the months preceding (see page 
25). 

That low fertility, or even complete sterility, may result from ex- 
cessive fatness is also a fact clearly established by experience. Sows 
which have been highly fitted for show, especially it maintained in 
this extreme condition for a considerable time, require skillful han- 
dling before regular breeding habits can bo restored. Excessive quan- 
tities of fat about the generative organs would seem to offer a me- 
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chanical obstacle to the normal nutrition of the egg-secreting ovaries, 
and to the free passage of the eggs after secretion down the Fallopian 
tubes to the uterus. When to excessive fatness there is added the evil 
of close confinement, the breeding qualities are very Hkely to suffer 
permanent injury. 

Crossbreeding. Although crossbred pigs, as a rule, are slightly more 
vigorous at birth, the number of stillborn is less, and the percentage 
of those farrowed surviving to weaning time is greater, the number of 
pigs farrowed is not significantly affected. 

This is the general conclusion reached by Lush and associates 'of 
the Iowa Station * after a comprehensive survey of the crossbreeding 
work in the United States and foreign countries together with their 
own experiments from 1926 to 1933. 

Carroll and Roberts of the Illinois Station ^ made a similar survey 
and analysis of data from 12 experiments involving the production of 
2619 purebred and 1515 crossbred litters. Only those experiments 
were considered in which it was possible to compare the crossbreds 
with purebreds produced by both the parental breeds, since only under 
these conditions was it considered possible to obtain a reliable estimate 
of the value of crossbreeding. Based on the average results secured 
from the individual experiments, the average size of the purebred 
litters from the better of the two parental groups was 10.1 pigs, for 
the purebreds produced by the parental group of lesser prolificacy it 
was 9.4 pigs, and for the crossbred litters it was 9.5 pigs, intermediate 
between the litter size of the two parental purebreds. 

The Iowa studies included a comparison of litters produced by 18 
crossbred and 20 purebred sows. The crossbred sows when mated with 
boars of one of the parent’s breed, or with a boar of a third breed, 
produced 10.6 pigs to the litter, while the purebred sows mated to 
boars of their own breed farrowed an average of 9.2 pigs. The average 
number of pigs weaned was 10 and 6.85, respectively, whieh repre- 
sented 85 and 74 percent of those farrowed. 

Inbreeding. Although its cficct varies, continuous inbreeding results 
in a decline of litter size, even though in practice only the more prolific 
gilts are selected for mothers of the next generation. This conclusion 
is supported by the evidence of numerous and c.xtcndcd studies of 
inbreeding that have been made during the past 30 years. From an 
analysis of the records of the Minnesota swine breeding project. 


J. L Lush, P. S. Shearer, and C. C. 

W. E. Carroll and E. Koberw. DuL 4S9. 
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Stewart of the University of Minnesota ' found that an increase of 10 
percent in the inbreeding of the dams of the same age resulted in a 
decrease of about 0.6 pig per litter. His data also showed that the 
inbreeding of the Utter has little or no adverse effect on Utter size when 
the age and inbreeding of the dams are the same. 

In a similar study of data from the inbreeding experiments con- 
ducted at the U.S. Department of Agriculture experimental farm at 
Beltsville, Md., Hetzer and associates of the Bureau of Animal In- 
dustry t concluded that “differences in the inbreeding of the litter 
appeared to have had a greater effect on Utter size at the various ages 
than did differences in the inbreeding of their sires or dams.” Analysis 
of the data also showed that not more than 20 percent of the varia- 
tions in Utter size is hereditary. There is considerable practical sig- 
nificance attached to this point, for it is a measure of the effectiveness 
of selection in improving herd fertility. This does not mean, of course, 
‘\ that fertility is less than 20 percent hereditary. 

Influence of the boar. The number of pigs produced by the sow in a 
given litter cannot exceed the number of eggs which mature during 
the heat period in which she is bred. Since the fertile boar supplies in 
a normal discharge more than a milUon germ cells, or sperms, for 
each egg produced by the sow, it would appear, when both parents 
are fertile, that the sow is chiefly responsible for the number of pigs 
farrowed. 

That the boar may be and perhaps often is responsible for small 
Utters, however, is the belief of experienced hogmen. That this some- 
times is the case is proved by the results of a study made by Nordby 
of the Idaho Station ^ of the boar Discount. A group of 10 highly 
selected purebred sows had produced in the spring of 1927 and the 
following autumn to the service of normal fertile boars a total of 180 
pigs for the two seasons, or an average of 9 pigs to the Utter. The 
boar Discount was then introduced into the herd. To the service of 
this boar the same 10 sows farrowed in the spring of 1928 a total of 
34 pigs, or an average of 3.4 to the litter. In the two previous seasons 
the litters ranged from 7 to 10. Those sited by Discount varied from 
1 to 6. In no case did a sow farrow as large a litter by Discount as 
she did in cither of her two litters by the boars previously used. 

When submitted to laboratory examination the semen of Discount 

■II. A. Stcwatl, Ir. Art. Set., Vol. IV, No. 3, 1945. 

> I!. O. Ileltcr. W. V. Lambert, and J. It. Zeller, U.S.D.A. Cir. 570. 1940. 

■ J. E. Nordby, ]r. Am. Vel. Med. Asin., Vol. 74, N.S. 27, No. 6, 1929. 
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in comparison with the semen from the other boars was found to be 
almost impotent. Microscopic study revealed that his spermatozoa 
rated only 8 percent in motility, whereas the samples from the other 
boars rated from 95 to 99 percent in activity. On the first examination 
of the fresh semen of Discount there was found but 8 percent of living 
spermatozoa. In contrast with this, the vitality of the spermatozoa from 
the other boars was 98 percent perfect. 

The author submitted the interesting observation that Discount was 
vigorous in appearance, was well developed, and that the manner in 
which he served was such as to give rise to no suspicion with respect 
to his fertility. That sterile or partially fertile boars frequently arc 
prompt and active in service is the conclusion also of Anderson of 
the Kentucky Station who made laboratory studies of two similar 
cases. 

Microscopic studies of the semen of boars by McKenzie and John- 
son of the Missouri Station indicated that the number of abnormal 
spermatozoa was correlated with the degree of fertility. Boars whose 
semen contained only 62 to 104 abnormalities per 1000 consistently 
sired large litters of strong vitality, whereas those whose semen con- 
tained as many as 146 to 501 per 1000 generally sired small litters 
containing mummies or weak pigs. The abnormalities found were 
small heads, tapering heads, and enlarged middle pieces. That the 
c.\ccssivc use of boars results in the production of a greatly increased 
proportion of defective and abnormal sperms, as well as a reduced 
number of normal sperms, was shown in later studies at the same 
station. 

Prenatal deaths. Death losses which occur during the prenatal period 
of development arc surprisingly high in pigs. The e.xtent of these losses 
has been shown by the studies of a number of scientists, including 
Corner,” Crew,'- Hammond,”’ Parfces," and Warwiek.” Insie.id of 
secreting 8 to 12 eggs at each ovulation or heat period as is gener.itly 
supposed, the fertile .sow normally produces LS to 20. and esen more 
These investigations clearly showed that of this total numtser of 
fertilized eggs' only two-thirds on the .iserage sursised to f.irrowmg 
time. This loss in utero di>es not occur at .ins one eritieal time. Inn 
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pig?i^ .tero may be regarded as probable causes for thrs h.gh mor- 
ality; (1) overcrowding, the result of a large number of P'S? “ 
cons%uently limited uterine surface area available for the , 

of the individual embryos; (2) nutritionally mcomplete «UO“S tea, 
the mother during the gestation period, especially those deScien 
protein, calcium, or vitamins A or E; (3) a lack of natura '''*8° 
development in the uterus of the sow; (4) the presence m the fertilizeQ 
egg of hereditary lethal, or death-dealing, factors which prevent 
normal development; or the presence in the egg of an insufBcient num- 
ber of the hereditary factors for vigor, as commonly results 
breeding; (5) partial sterility on the part of the boar as the resuK o 
weak or partially potent sperms; (6) excessive fatness on the part ot 
the sow, or illness; (7) disease; and (8) accidents or injuries. 

Breed and type. Although it cannot be claimed that all breeds are 
equal in their ability to farrow large litters of pigs, it is equally true 
that there is insuEBcient evidence to support the claim that one breeo 
is superior to another of the same type. So many factors, both heredi- 
tary and environmental, affect pig-producing ability that it is doub u 
if superiority for any breed can ever be established. That some bree ^ 
are more prolific than others, on the average, however, probably is 
true. If this is so, it is because their breeders have been more persisten 
in selecting for this character, and less influenced by fancy points an 


show-yard records. . 

Breeders generally hold to the view that long-bodicd sows as a ru e 
arc more prolific than short-bodied sows. This view, which is base 
on observation of farrowing results, seems a reasonable one. ExpcD 
mental tests that have been made to determine the relation betivccn 
the type of sow and the number of live pigs farrowed per litter gen 
erally support this claim. 

Evvard and Culbertson of the Iowa Station obtained farrowing 
records on 12 Big (rangy) type, 43 Medium (intermediate) 
and 9 Small (chulTy) type sows, from 1917 to 1923, 
classification was determined by size, length of leg, length of b /> 

’•J, T. C, Cutbertson, Study of SniVir Types, I92J. 
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size of bone, and general ruggedness. The average number of live pigs 
farrowed per litter for the Big typo was 8.41, for the Medium type 
8.30, and for the Small type 6.44. The number of sows in the test, par- 
ticularly the number of those representing the two extremes of type, 
was too small to warrant a definite conclusion. The results suggest, 
however, that sows of the Small or chuffy type are not as prolific as 
those of the Medium or Big types. 

Hetzer and Brier of the U.S. Department of Agriculture made a 
similar study of 43 Large type, 51 Intermediate type, and 26 Small 
type sows, from 1931 to 1938. Differences in the results, which might 
have been due to differences in the age of- the sows or the year, were 
eliminated by maintaining the same proportion of the types in each 
year. The number of pigs farrowed per litter was 7.4, 6.6, and 5.8, 
respectively. These differences were adjudged significant. It was 
concluded that most if not all of the differences in litter size resultmg 
from type differences were genetic in character. 

Number of pigs raised. The number of pigs farrowed is not so im- 
portant as the number raised. Although the most prolific sows in the 
herd raise more pigs, as a rule, than do those which produce smaller 
litters, they do not raise so large a percentage of those farrowed. This 
seems to be especially true when mature sows are compared with gilts. 
In the following table are summarized the records made by mature 
sows and gilts at the North Platte, Nebraska, Experiment Station. 
The test included 87 litters produced by gilts and 72 litters by mature 
sows in 1910, 1911, 1912, and 1913. The large number of individuals 
studied makes the results particularly valuable. 

Tabic 25. Percentage of Pigs Raised by Mature Sons and Gilts 


Number of 

Total 

Number Pigs 
Farrowed 

Number Pigs 
Farrowed 
per Litter 

Number Pigs 
Raised 
per Litter 

Percentage 
of Farrowed 
Pigs Raised 

Mature sows 72 
Gills 87 

791 

714 

10.9 

8.2 

6 56 

6.25 

60 

76 


The data of Lush and Molin, included m Table _3 =>“99^^ 
the number of pigs per litter raised to weaning time is .at a max mum 
when sows are 2 to 3 years of age. and wall a tendency to decline 
slightly as the age advances. 

*' H. O. Ucl/cr and G. W. Uricr. PiOC. .1- Soc. .!« /’/»'/. 1*^-0- 
“W. 1*. Sn>der, Uul. 147, 191^. 
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As bearing on the same point, the number of pigs farrowed dead 
or immature in litters of different sizes is also instructive. The author 
is indebted to W. J. Carmichael of the Illinois Station for these data 
which are presented in Table 26. 


Number of Pigs Born 
' Alive and Number 
Surviving at 6 Weeks, 



2 4 6 8 10 12 14 16 18 
Number of Pigs Born Alive per Utter 


Fig. 25. Effect of litter size at 
birth on mortality up to 6 weeks 
(based on 1752 litters). Although the 
percentage of live pigs farrowed which 
survived at 6 weeks decreased as the 
size of the litters increased, the num- 
ber of pigs which survived increased 
as the number farrowed increased 
up to 12 or 13 (courtesy, MenzleS’ 
Kitchen, J, Agr, Sci., Vol. 27, p. 611, 
1937). 


Although a larger number of dead or immature pigs are farrowed in 
litters containing 10 or more pigs, it would appear that in litters smaller 
than 10 the number of pigs farrowed dead or immature is not greatly 
affected. When the proportion of dead or immature pigs is considered, 
Tabic 26. Effect of Size of Litter on Number of Dead or Immature Pigs 


Number 

per 

Utter 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 


Total Ntimbcr 
of Litters 

39 

57 

66 

84 

86 

72 

78 

53 

33 

25 

11 

5 

3 


Dead or 
immature Pigs 
per Litter 
0.36 
0.40 
0.38 
0.71 
0.43 
0.87 
0.72 
1.30 
1.27 
1.56 
3.36 
0.60 
1,66 


Percentage of 
Dead or 
Immature Pigs 


8.97 

8.07 

6.31 

10.71 

5.37 

9.72 

7.17 

11.83 

IU.6I 

11.89 

24.02 

4.00 

10.41 


“.V/mre/- iheiis, Unbersity of Itlinois, 1916. 
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the table does not show any greater loss in the larger litters, up to 10, 
than in the smaller ones. When the number of pigs to the litter exceeds 
10, however, there is a regular tendency, both absolutely and rela- 
tively, for the number farrowed dead or immature to increase with 
the increased size of the litter, 

A study made by Severson of 3779 pigs farrowed in 393 litters at 
the North Dakota Station,^" from 1909 to 1924 inclusive, showed the 
relation between size of litter and the percentage of pigs raised to 
market age to be as indicated in Table 27. 

Table 27. Relation of Size of Utter to the Number of Pigs 
Raised to Market Weight 


Number Pigs per Liuer 410 6 7 to 9 lOj^ — 

Percentage of pigs marketed 55 — 

The author observed also that, contrary to the pneral belief, the 
individual pigs in the larger litters gained as rapidly as did those in 

the smaller litters. „ . tjoci 

Studies by Wenck of 3619 pigs produced on five farms in Has 

Prussia - indicated that pigs farrowed in litters of w^e mo^ 

likely to survive. His records showed that the farrowed pigs which 
survLd at four weeks of age increased from 67 to 91 percent as t e 
size of the litter farrowed increased from three ^ 

litter size increased beyond seven there was a regular decrease n the 
percentage of farrowed pigs surviving. The actual 
raised to the litter, however, increased with the increase in the size of 
litter farrowed, up to 12, when nine pigs were raise 
birth weight of pigs 

Birth weight related to death losses Generally speaking 

pigs in the litter ate the strongest an ^ of 

collected under ‘•’^ direction o & 1^ 

'"Thfre\rre 1 f 49 ; 1 gs'fnST^^^^^^ The average percent- 
age farroweTdead for Ml classes was 7.54 and the average percentage 

”A. Severson, Proc. rl/n. Sac. Aft. . lV-5 
’■J. L. Lush, riie Catthmttn. Feb., iv... 

■« TUc Ertrntion Annual Umbandman. U.S.D.A.. 
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Table 28, Pigs Farrowed and Percentage Farrowed Dead and Weaned 


Birth Weight 

w 

I 

Itol'A 

2 

2 to 2Vi 

3 

3 10 JVi 

4 

Number farrowed 

160 

543 

1422 

2064 

2120 

1059 

381 

Percentage farrowed dead 

39.38 

15.84 

9.42 

6.30 

6.03 

3.12 

4.46 

Percentage weaned 

5.00 

30.20 

55.98 

'68.22 

74.20 

79.03 

83.46 


weaned was 66.1. In a study of the records of 6401 pigs farrowed in 
the Indiana Station herd. Vestal got results which paralleled exactly 
those shown in the table. The average percentage farrowed dead in 
this study was 5. 16 and the average percentage weaned was 65.96. 

Vestal of the Indiana Station-^ reports data which supply further 
evidence of the handicap carried hy pigs which are undersized at 
hirth. In Table 28 are the records collected from 784 spring litters 
and 7554 pigs. 


Table 29. TUe Effect of Weight at Birth on Development of 
Pigs from Birth to Wenning 


Birth 

Weight 

Number 

Pigs 

Farrowed 

Percentage 

Born 

Dead 

Percentage 

Weaned 

Average 

Weaning 

Weight 

lb. 




lb. 

1.00 

56 

46.43 

0.00 

0.00 

1.25 

107 

14.02 

1.87 

8.63 

1.50 

270 

15.93 

12.96 

18.42 

1.75 

291 

7.90 

34.02 

19.97 

2.00 

674 

6.08 

49.26 

20.91 

2.25 

832 

4.33 

■ 63.34 

22.78 

2.50 

1531 

4.38 

67.40 

24.49 

2.75 

1157 

3.54 

74.16 

26.24 

3.00 

1354 

4.14 

77.32 

27.50 

3.25 

587 

2.73 

82.45 

29.39 

3.50 

426 

3.05 

85.68 

30.22 

3.75 

143 

2.80 

83.91 

30.86 

4.00 

93 

1.08 

83.87 

34.72 

4.25 

28 

3.57 

85.72 

36.72 

4.50 

2 

0.00 

100.00 

30.00 

4.75 

3 

0.00 

100.00 

38.67 


Birth weight related to weaning and market weights. Not only arc 
the losses of underweight pigs greater than for those of normal weight, 
but such pigs do not have the ability to gain during the nursing period. 

“C. M. Vestal, Uul. 413, 1938. 
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According to these data, a difference of Vi pound in weight at birth 
meant, on the average, a difference of 4.68 pounds at weaning time. 

That birth weight is related to market weight as well as weaning 
weight is shown in Table 30.-^ ^ 


Table 30. Average Daily Gain of Pigs from Birth to Market as Related 
to the Birth Weight 



1 to 

to 

1% to 

2 to 

2V), to 

21/2 to 

(lb.) 

m 

J% 

2 

2V) 

2tk 

2 % 

Number farrowed 

26 

37 

162 

167 

321 

200 

Average daily gain, 
suckling period (lb.) 

0.38 

0.44 

0.46 

0.50 

» 0.52 

0.52 

Average daily gain, 

fattening period (lb.) ' 

1.18 

1.20 

1.23 

1.27 

1.32 

1.32 

Birth Weight 
(Lb.) 

2% to 

J 

3 to 
5% 

3V), to 

3>/2 

3V^ to 

4 

4V 


Number farrowed 

250 

101 

93 

37 

35 


Average daily gain, 
suckling period (lb.) 

0.56 

0.56 

0.62 

0.65 

0.63 


Average daily gain, 
fattening period (lb.) 

1.35 

1.36 

1.43 

1.43 

1.44 



Calculations from these data indicate that a difference of pound 
in birth weight resulted in a difference of 2.6 pounds at weaning time; 
and that a difference of 2.6 pounds at weaning time meant a difference 

of 7.1 pounds when 160 days old. 

Studies by Weaver and Bogart of the Missouri Station in connec- 
tion with the Regional Swine Breeding Laboratory from 1938 to 1942 
also supply data showing the relation of birth weight to weanmg and 
market weights. At this station an advantage of /a pound in birth 
weight was equivalent to a difference of 4.2 pounds at weaning time, 
and a difference of 4.2 pounds at weaning time resulted in a difference 

of 7.5 pounds at 6 months of age. _ 

It wLld seem safe to conclude from these investigations that the 
birth weight of a pig is quite closely related to its weight both at 
weaning and market time. On the average, a difference of pound 
in birth weight may be expected to result m a difference =>9?™ 
of 3 to 5 pounds at weaning, and a difference of 7 to 8 pounds at 

xt'rv^rage weight of pigs at birth is approximately 216 pounds, 

“E. Z. Russell, Extension Animal 

**L. A Weaver and Ralph Bogart, BuL 461, 1943. 
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but there is a wide range of variation. There are a number of influences 
which may be responsible for these differences. Some of the important 
factors ate (1) sex; (2) age of the mother; (3) crossbreeding; (4) 
size of litter; (5) vigor of parents; and (6) nutrition during foetal 
growth. 

Sex. Boar pigs ate slightly heavier on the average than sow pigs, as 
arc the males of the other species of farm animals. Of 5287 pigs 
farrowed in the college herds of Illinois and Purdue, there were 2720 
boats and 2567 sows. The average birth weight of the boars was 2.58 
pounds and of the sows 2.50 pounds. 

Age of sow. The effect of the age of the sow on the birth weight of 
the individual pigs is shown by studies of Carmichael and Rice of the 
Illinois Station which are shown in Table 3 1 . 


Tabic 3i. Effect of Age on Sow on Uirlh Weight of Figs 


of Sow, 

Total Number of Pifis 

Average Birth Weight 
of Pigs 

1 

922 

2.44 lb. 

ii-j 

S26 

2.48 “ 

•y 

899 

2.56 " 

2',i 

570 

2.54 •• 

3 

455 

2.59 “ 

3',i 

299 

2.66 “ 

4 

293 

2.56 “ 

ai-i 

166 

2.70 “ 

5 

92 

2.87 " 


The Jala of Russell showed an average birth weight of 2.65 
pounds for pigs produced by 42 mature sows, 2.58 pounds for those 
farrowed by 44 gills that had mature sows for mothers, 2.62 pound.< 
for the pigs produced by 43 gilts whose dams were gilts. Records' of 
439 spring titters farrowed by sows and 213 spring litters farrowed by 
gills at the Indiana Station showed a birth weight approximately of 
2.73 [wunds for the pigs farrowed by sows and 2.46 pounds for those 
farrowed by gilts. 

It would appear from all these figures that mature sows produce 
on the avcr.ige heavier pigs than do gills, although, as we have seen, 
they also produce a Urger nuntber per litter. The dilferencc, however, 
is small and does nut mean tliai pigs from gilts arc materially hanJi- 
eapised. 

“\V. J. Ciir.i..!!«I J.,U.n tmc. IIJ. CCS. Ivld 

■' r. Z. K.v«:i S---J K. ta tleneo. Cit. arc. Wi. 

*‘C. M- VeaJ. U-I 41), Ivj#, 
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Crossbreeding. Lush and associates of the Iowa Station report 
birth-weight records of 35 litters each of which contained both pure- 
bred and crossbred pigs, the result of double-mating. Purebred or 
practically purebred sows were mated with boars of their own breed 
and with one of another breed in the same heat period. Differences m 
color markings enabled the hogmen to distinguish the purebreds from 
the crossbred pigs. The breeds used were Poland China, Duroc Jersey, 
and Yorkshire. In these 35 litters there were 174 purebred and 188 
crossbred live pigs, the purebreds averaging 2.86 pounds at birth and 

the crossbreds 3.07 pounds. , 

Using the system of double-mating Poland Chinas and Duroc 
Jerseys, and pairing the sexes of the crossbred and purebred p^s to 
eliminate the sex factor on weight, Roberts and Carroll of the Illinois 
Station ™ found an average birth weight of 2.63 pounds for the pure- 
bred pigs, 2.76 pounds for the crossbreds. This study also revealed 
the imefesting facts that, of the 65 mixed litters farrowed 359 pigs 
were sired by the boar used first and 279 

in these same litters 329 of the pigs were purebred and 308 “ossted^ 

Carroll and Roberts of the Illinois Station, ^ 

• * • viS^Vi f-h(» rrnssbreds were compared with the purebred 

experiments in which the crossoreub wcit? t' 

pigs produced by parent breeds, found the birth weights of the cross 

Leds to be inteLediate between that of the purebreds produced by 
oreos xo oe iiuci averages were based on 

the two respective parent breeos. wncu nrn- 

duceTbTtheTavtrp^pro^ an average birth weight 

of the Minnesota Station “ ^ 

pounds for 7 1 5 purebreds produced by the breeos inv 

and 2.60 pounds for 440 fcoMained in the litter is one 

Size o£ litter. That | the birth weight of the indi- 

o£ the more that have been reviewed. 

j f' C' Culbertson, Bui. 380, 1939. 

-J. L. Lush, P. S. Sl^arjr, Vol. 59. No. 11. 1939. 

*"E. Roberts and W. E. Carroll, /r. / 

“W. E. Carroll and E. Roberts. Bui. 489, 19 320 . 1935 

«L. M. Winters. O. M. Kiser. P. S. Jordan, an 
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ranged by Vestal.^^ These records are from 439 Utters produced by 
sows, and 210 litters produced by gilts, as shown in Table 32. 


Table 32. 

Effect 

of Size of Litter 

on Birth Weight 

of Pigs 

Number of 

Pigs per 

Litter 

Number of Litters 

Sows Gilts 

Average Birth Weight of Pigs 
Sows Gilts 




lb. 

Ib. 

6 

11 

2g 

3.14 

2.66 

7 

28 

27 

2.87 

2.52 

8 

44 

41 

• 2.75 

2.60 

9 

46 

30 

2.83 

2.49 

10 

70 

2g 

2.15 

2.37 

11 

59 

32 

2.63 

2.33 

12 

' 72 

20 

2.60 

2.46 

13 

45 

4 

2.71 

2.23 

14 

34 


2.51 


15 

30 


2.57 



Although exhibiting some irregularity, the data show a rather clear 
trend of a decrease in birth weight of the individual pigs as the number 
of pigs in the litter increases. 

Vigor of sow and boar at breeding time. That there is a casual 
relation between the vigor of the parents at breeding time and the 
vigor and development of their offspring is attested by the observa- 
tion of stockmen and the results of laboratory experiments. Animals 
which are in a state of vigorous health at breeding time produce germ 
cells endowed with the maximum of vigor and growth energy; while 
those in a run-down, weakened, or unthrifty condition produce germ 
cells which lack the life necessary for the conception of vigorous 
young. 

Each pig is the product of two germ cells, one produced by the sow 
and one by the boar. Sows in a state of extreme fatness at breeding 
time, especially if confined to limited quarters, do not produce, as a 
rule, strong pigs. Likewise, if the breeding condition of the boar is at 
low ebb, as a result of insufficient or excessive feed, lack of exercise, 
overuse, bad heredity, or disease, his germ cells, like those of the 
sow, may lack the life necessary to ensure vigorous, well-developed 
pigs at birth. It is reasonable to conclude that one of the causes re- 
sponsible for small weak pigs is the practice of breeding the sows when 
they and the boar arc not in normal breeding condition. 

Nutrition. One of the fundamental factors determining the size and 

"C. Vestal, Bui. 413. 1938. 
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development of pigs at birth is the completeness of their nourishment 
during embryonic developmenL This will be mamly determined by 
the nutritional state of the sow and the adequaey of the ration fed her 
during the gestation period. Although the sow, if in strong condition 
when bred, is generally able through the use of her own body reserves 
to bring her embryo litter to normal maturity when on a deficient 
ration, the pigs at birth will not be as large and well developed as 
when the food supply is adequate. When the ration during the gesta- 
tion period is seriously lacking in protein, minerals, or vitamins, as 
is not uncommon in the Com Belt, the effect, especially when the sow 
is thin to begin with, is likely to be an increase in the number of dead 
pigs as well as underdevelopmenL 

The pigs in abnormally large litters are ordinarily not so well de- 
veloped as are those in normal-sized litters (see Table 32). This, it 
seems reasonable to suppose, is due to the inability of the foetal mem- 
branes to accommodate and properly nourish the extra number. As a 
rule, sows which bring forth two litters a year, also, do not produce 
as large pigs as they do when farrowing but once. 


MILK PRODUCTION OF SOWS 

There is but limited information available relative to the milk- 
secreting capacity of the sow. This is because her production must be 
determiLd indirectly; i.e., by keeping the sow and litter separate 
during the test periods and weighing the pigs immediately before and 
immediately after nursing. In Table 33 there is presented a summary 
of the data for 59 sows compiled by Hughes and Hart of the Cali 
fomia Station,- together with records obtained from studies made of 
the production of three sows in the Illinois Station herd and of nine 
in the Purdue University herd. 



Table 

33. Milk 

Production of 

SON>S 



A verage 


Ciilculalcd Production during Lactation 

Number 
of Sows 

Number 
of Pigs 
in Litter 

Daily 

Production 

S iVccU 
Duration 

10 lyeeks 
Duration 

13 IVeeks 
Duration 

59 

12 

An c rage 

71 

7.9 

9.8 

8.2 

Ib. 

6.8 

6.0 

6.67 

Ib. 

413 

336 

374 

lb. 

447 

420 

467 

(b 

46^ 

.<04 

560 

“E. H. H 

u^hes and H. Cl 

. lljll. Ir- Vur. Vot V. S 

t) 3. 
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Olofsson and Larsson of the Svalov Experiment Station, Sweden, 
studied the milk production and feed consumption of 200 sows of 
the Large White breed for periods of 6 to 8 weeks during the nursing 
period. They reported the surprisingly high average production of 
10.36 pounds of milk daily from the second to the eighth weeks of 
lactation. The method used in determining the milk production was 
the same as that employed in the tests already referred to. During the 
experimental period, the sows consumed the equivalent of 13.6 feed 
units, or pounds of concentrates, daily. At the end of the nursing 
period of 8 weeks, 40 percent of the food requirements of the pigs 
was being supplied by the mother’s milk. 

German investigators determined the milk flow of 1 1 Mangalitza 
sows, mostly over 4 years of age, and of six young Large White sows 
over a period of 8 weeks. The average daily production of the sows 
of the Mangalitza breed was 5.68 pounds, and of the Large White 
breed 7.13 pounds. The milk yield was found to vary with the number 
of pigs in the litter and with the age of the sows. Maximum production 
occurred during the third or fourth week of lactation, following which 
time there was a general decline. 

Hammond of the University of Cambridge®’ after summarizing 
European data places the average production in an 8-week lactation 
period at about 370 pounds, equivalent to an average daily production 
of 6.6 pounds. Maximum daily production of 8.57 pounds was reached 
during the third week of lactation, after which there was a gradual 
decline to a minimum of 4.28 pounds daily during the eighth week. 

There was considerable variation in the amount of milk given by 
the sows whose average records are shown in Table 33, the extreme 
range being from 3.4 to 1 1.6 pounds daily. A systematic study of the 
individual records of 23 of these sows revealed some interesting facts 
relative to the causes of this variation. 

The age of the sow apparently is a factor which affects milk pro- 
duction. The five yearling sows in this group produced an average of 
5.14 pounds of milk daily; eight 2-year-olds produced 5.39 pounds 
daily; four 3-year-olds, 5.49 pounds daily; three 4'year-olds, 8.10 
pounds; and three 5-ycar-olds, 5.41 pounds daily. That most of the 
variation was due to diflcrcnccs in the individualities of the sows 
rather than age, however. Is indicated by the fact that among the five 

^Exp. Sla. Record, Abstract, Vol. 67, No. 1, 1932. 

'-‘Exp. Slat. Record. Abstract. Vol, 79, p. 233. 1938. 

•' John IlaramonJ, Farm Aidmah. Lonetnans, Green Ji Co., l.omlon, 1940. p. 5-t' 
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yearlings the heaviest milk flow exceeded the lightest by 83 percent, 
and among the eight 2-year-olds the difference was 115 percent. 
Apparently there is as much variation among sows as there is among 
cows in the ability to secrete milk and the same oppormnity exists, 
therefore, to improve them in this valuable trait by selection. 

As a rule, the sows which farrowed the largest litters produced the 
heaviest milk flow. The 13 sows which farrowed eight or more pigs 
to the litter produced an average of 6.60 pounds of milk daily, while 
those which farrowed but seven or less pigs to the litter produced 4.54 
pounds on the average. That a high degree of correlation should e^st 
between two such intimately associated functions seems reasonable. 
Fertility and milk-producing capacity are m fact expressions of a 


common function. , , , j. 

The amount of milk given by a sow seems to be related also to fte 
loss of weight which she normaUy experiences durmg the suckling 
period. In the cases here considered, weights were taken as soon as 
the sows had recovered from farrowing and again when their litters 
were weaned. The 10 sows which produced 7 or more pounds of inilk 
daily lost an average of 59 pounds m weight during the suckling 
period; seven sows which produced between 5 and ’ f 3 

pound^; and the five which produced less than 5 pound of mi k daily 
lost an average of 25 pounds. Although the number of sows in each 
group here is limited, the results nevertheless are suggestive. 

wk 11 of the sows, the milk flow was determined for each of the 
8 successive weeks of the nursing period. The ^ 

the first week was 5.01 pounds, on the 
7.46 pounds; the third week, 8.40 pounds; he 
pounds; the fifth week, 5.72 pounds; the sixth week, 5.77 pounds 
the seventh week, 4.65 pounds; and the eighth ^ 

The individuals departed little from these averages. All but two of the 

sows produced their maximum during the 

flow tho oovenlh or „ 4 .,,0,5 rrf.or forrowinfl ond 

glands seems to reach j ,j,en quite perceptibly during the 

then declines, at first gradually, a 4 

seventh and eighth weekSj^^^^ ^ influenced largely by her 

care a^ndTe:!; In order to 
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possiWe the fuU pro also bears some relationship to 

page 98)- “ y ^hich she farrows, and her tendency to 
Sow- dSg Jsuckling period is attested by the evidence 

'Srclically inclined it is obvious that the indirect method of 

determining milk production can give at best only 5 

¥hramount of milk given by the sow under normal nursing conditions 
exceeds no doubt, the amount taken by the pigs durmg P 

mental ’test period. No method has yet been Revised Wmh Id 
enable one to make directly a complete drawing of all the m Ik b 
thermore. it is probable that a sow will secrete less 
is limited in size, say to five pigs and five teats nursed, than she wilt 
with a full litter when aU her teats or udders are functioning, 
amount of milk given by sows with large litters usually ^ 

amount given by sows with small Utters. It is reasonable to cone ud 
'■ that this difference is due as much to the larger number of udders m 
use as it is to a difference in the inherent milking capacity of the two 
classes of sows. 


COMPOsraON OF SOW’S MILK 

In Table 34 arc reported available American data showing the 
composition of sow’s milk as determined from samples taken from 
53 sows. There is included also the composition of the colostrum 
first milk, the samples having been taken during and up to 40 hours 
after farrowing. 



Table 

34. Composition of Sow’s 

Milk 


Number 

of Sows 

Total 

Solids 

Fat 

Protein 

Sufiar 

Ash 

Source of 

zi 

3 

ro 

18.88 

17.96 

19.86 

Sc 

6.64 

5.35 

5.83 

So 

5.81 

6.32 

6.34 

So 

5.47 

5.35 

6.65 

So 

0.96 

0.94 

1.04 

Wis. Station 

Calif. Station 
Purdue Univ. 

A>cragc 

53 

18.4S 

5.91 

6.11 

5.48 

0.95 


Colo%irum 

20 j.ow«s 

28.23 

5.29 

14.77 

7.53 

0.64 

Calif. Slalivn 

Cow's milk 

12.80 

3.70 

3.50 

4.90 

0.70 

Morrison _ 
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In simUar studies at the Wisconsin Station, Bowland and asso- 
ciates found that the amount of vitamin A stored in the liver of sows 
was related to the vitamin A content of their diet, and that the amount 
of vitamin A in their miik, particularly in the colostrum, was related to 
the amount of liver storage. Spring-produced milk was found to be 
much lower in vitamin A than that produced in the winter, 

Parrish and associates of the Kansas Station found a tendency 
for the vitamin A levels in the colostrum and the blood serum of 
new-born and 5-day-old pigs to reflect the vitamin A levels in the 
sow’s blood at time of farrowing. There appeared to be little relation- 
ship between the vitamin A content of sow’s blood and that in the 
livers of new-bom or 5-day-old pigs. 

SEX RATIO IN PIGS 

In Table 35 are brought together available statistics on the propor- 
tion of males to females among pigs at birth. These figures are based 
on actual herd records as repotted by different investigators and do 
not include data from herdboofcs. Studies by McPhee have thrown 
some doubt on the reliability of the data collected from the latter 
source. 


Table 35, Ratio of Male to Female Pigs 


Authority 

Pigs of 

Both Sexes 

Male 

Pigs- 

Female 

Pigs 

McKenzie ‘ 

2011 

1034 

911 

Sinclair and Syroiuck** 

2533 

1360 

1173 

Carmichael and Rice ® 

5657 

2933 

2724 

Crew* 

1472 

736 

736 

Severson" 

3779 

1976 

1803 

McPhee * 

7854 

4083 

3771 

Lush ' 

3639 

1861 

1778 

Grand Total 

26,945 

13,983 

Miirrm 


■ Mo. Esp. Sta., Research Bui. 118, 1928. 

‘^Sci. Agr., Vol. 8, No. 8, 1928. 

' 111. Exp. Sta., Bui. 226, 1920. 

Proc. Hoyal Soc. of Edin.. Vol. 46, Part 1, 1925-1926. 

'‘Proc. Am, Soc. An. Prod., 1925-1926. 

* Hugh C. MePhe^Jr. Agr. Res., Vol. 34, p. 715, January-June, 1927. 

Jay L. Lush, H. O. Hetzer, and C. C. Culbertson. Geneiics, Vol. 19, No. 4, Juiy» 
1934. 


«J. P. Borland, U-min Wu, R. H. Grumracr. P. H. Phillips, and G. Boh^tedt, 
Jr. An. Sci., Abs., Vol. 8, No. 4, 1949. 

«D. B. Parrish, C. E. Aubd, J. D. Wheal, and J. S. Hughes, Jr. Agr. Sci.. Abs., 
Vol. 8, No. 4, 1949. 
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In similar studies at the Wisconsin Station, Bowland and asso- 
ciates ■‘1 found that the amount of vitamin A stored in the liver of sows 
was related to the vitamin A content of their diet, and that the amount 
of vitamin A in their mUk, particularly in the colostrum, was related to 
the amount of liver storage. Spring-produced milk was found to be 
much lower in vitamin A than that produced in the winter. 

Parrish and associates of the Kansas Station found a tendency 
for the vitamin A levels in the colostrum and the blood serum of 
new-born and 5-day-old pigs to reflect the vitamin A levels in the 
sow’s blood at time of farrowing. There appeared to be little relation- 
ship between the vitamin A content of sow’s blood and that in the 
livers of new-hom or 5-day-old pigs. 

SEX RATIO IN PIGS 

In Table 35 are brought together available statistics on the propor- 
tion of males to females among pigs at birth. These figures are based 
on actual herd records as reported by diiferent investigators and do 
not include data from herdbooks. Studies by McPhee have thrown 
some doubt on the reliability of the data collected from the latter 
source. 


Tabic as. Ratio of Alale to Female Pigs 


Authority 

Pigs of 

Both Sexes 

Male 

Pigs 

, Female 

Pigs 

McKenzie “ 

2011 

1034 

977 

Sinclair and Syrotuck ** 

2533 

1360 

1173 

Carmichael and Rice ® 

5657 

2933 

2724 

Crew* 

1472 

736 

736 

Severson * 

3715 

1976 

1803 

McPhee ‘ 

7854 

4083 

3771 

Lush ® 

3639 

1861 

1778 

Grand lolal 

26,945 

13,983 

Miiir 


•Mo. Exp. Sta., Research Bui. SIS, 1928 
'•Set. Asr.. Vol. 8, No. 8, 1928. 

• 111. Exp. Sta., Bui. 22e, 1920. 

•“Proc. Royal Soc. of Edh,., Vol. 46, Vait 1, 1925-1926. 

• Proc. Ain. Soc. An. Prod., 1925-1926. 

' I*"®? S' ■Vol. 34, p. 715, January-June. 1927. 

ejay L, Lush, H. O. Hetzer, and C. C. Culbertson, Gcmla, Vol. 19, No. 4, July, 


“J. P. BoulanJ, Li-min Wu, R. H. Grumracr, P. H. Phillips, and O. Bohslcdl, 
Jr. An. Sci., Abs.. Vol. 8, No. 4, 1949, 

" D. B. Parri&h, C. E. Aube], X D. Wheal, and J. S. Hughes, Jr. Aar. Sci.. Abs., 
Vol. 8. No. 4, 1949. 


SIZE OF LITTERS: BIRTH WEIGHT; MILK FLOW 1S3 

These data give a sex ratio of 51.89 percent males. 

In this connection it is interesting to note that studies by Crew and 
Parkes, previously noted, revealed that the primary sex ratio, that is, 
the ratio existing among the newly fertilized eggs, is about 150 males 
to 100 females, or 60 percent males. Owing to the fact that 30 to 40 
percent of the eggs or foetuses perish before birth and that this mor- 
tality falls more heavily on the males than the females, the ratio swings 
back near to equality at birth (sec page 117). 



VI Housing and General Management 
of the Breeding Herd 


In this chapter consideration will he given to the general problems 
of housing, lotting and grading, exercise, and sanitation involved in 
the successful management of the breeding herd which cannot be con- 
sidered more appropriately later in connection with the separate di- 
visions of the subject. 

HOUSING 

The hog mote than any other farm animal is sensitive to the ex- 
tremes of heat and cold. Although, when well fed, he carries a con- 
siderable layer of fat under the skin Jiis thin hair coat provides little 
natural protection against cold or heat; and due to the fact that ne is 
without sweat glands, except in the snout, he is deprived the cooling 
effect of water evaporation from the body surface in hot weather. 
Young pigs, largely because of greater surface area for their size and 
less fat, require higher temperatures for their comfort and well-being 
than do older hogs. Also, pigs which are receiving full rations, due to 
greater internal heat production, arc better able to stand low tempera- 
tures than fasting pigs or those fed a maintenance ration. 

Heilman and Hughes of the California Station ' in recent important 
studies of the eflccts of temperature and humidity on the well-being 
of swine, found that fattening hogs of weights from 70 to 144 pounds 
perform most elliciently in a temperature of 75°F; and at weights from 
166 to 260 pounds, when the temperature is approximately dO^F. 
When the air temperature was increased or decreased, the rate of gam 
declined and utilization of food was lowered. 

In the northern latitudes especially, warm houses are necessary 
during the winter in order to save feed and maintain thrift. In the 
South, the chief problem is that of providing the conditions which will 

1 jlubcrt Ilcitman, Jr., an«I E. II. Hushcc. Jr. An, Sc/., Vol. 8, No. 2. 1949. 
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protect against high temperatures and excessive humidity. All classes 
of hogs must have comfortable quarters in order to do well. This 
is a principle in livestock management which no farm can afford to 
ignore. 

Extent of housing facilities required. The problem of providing prac- 
tical and suitable housing for the herd is always a real one on the hog 
farm. The extent of the facilities required will be determined mainly 
by the number of pigs, both spring and fall, which are to be produced 
annually, by the general type or plan of feeding and management 
which it is proposed to follow, and the geographical location of the 
farm. In too many instances farms are inadequately equipped for the 
number of hogs handled, and in other cases there is a costly over- 



Fig. 26. A portable 10 by 12 open-front house adapted for winter or summer 
use for all classes of hogs {Ind. Exp. Sla.). 


investment in buildings. A satisfactory solution of this point can be 
determined only when a well-considered plan of production for the 
farm has been worked out and adopted, and then by adhering fairly 
closely to this plan from year to year. Such a plan is desirab e for 
several important reasons, one of which is that it makes possible the 
cllicicnt use of the cquipnicnl available. 

In the latitude of the Corn Bell Uie following suggestions regarding 
the e.rtent of the housing equipment required for dillerent eoiidiiions 

are appropriate; ... , , 

1. On lliose farms which produce only spring pigs, which arc f.ir- 
rowed by gilts of the previous year’s crop, the ttiolhers being fattened 
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and sold as soon as their pigs are weaned, there will be required the 
equivalent of about one individual house for each litter farrowed, or 
one house for each sow farrowing a litter, plus one house for the boar. 
This will be adequate whether the pigs are farrowed early or late in 
the spring and regardless of the method of feeding and time of market- 
ing, except that the pigs must be off to market before the next farrow- 
ing season. 

2. Where the two-litter system of production is followed, half to 
two-thirds produced by mature sows and the remainder by gilts, and 
when the pigs are farrowed mostly in March and September and fed 
full rations so that they leave the farm before the next farrowing 
season, the requirements will be at the rate of about one and one-half 
individual houses for each two litters farrowed, plus one house for the 
boar. This would make the housing needs for this system of produc- 
tion about 75 percent of those in the single-litter system, number of 
pigs produced considered. It is to be noted, however, that it is more 
imperative that a good house be available for the early-farrowing sow 
than is often considered necessary for the Jale-farrowing one. 

The central and individual house compared. There are two general 
systems in housing hogs. In one the individual or colony house is 
used, and in the other a single large house centrally located. A com- 
bination of these two is often found which might be designated as a 
third system. Each of these systems has its advantages. Considering 
the matter of efficiency with which the seasonal needs of the various 
classes of hogs on the farm are taken care of, economy of construc- 
tion, labor and fencing requirements, the problem of health main- 
tenance, etc., the following points favorable to each system may he 
enumerated: 

1. The individual or colony house is portable and can be moved 
from place to place. This is its most valuable characteristic. Through 
it better management and feeding practices are made possible and 
encouraged. The brood sow and her litter can be kept on clean fresh 
pasture and away from womi-infested lots; the hogs can be rotated 
with the crops. This means more healthy pigs, less loss from diseases 
and parasites, lower feeding costs, as well as fertility benefits to the 
soil. 

2, The colony house is especially better adapted to the rented 
farm because it is possible for the renter who is compelled to provide 
his own equipment to take it with him when he moves. In case the 
landlord has supplied more equipment than the renter can or is m- 



Fia. 27. This type of portable house, in two sections, has become qu.le 
popular in the Corn Beit (courtesy. Inti. Esp. Sia.; photo by Allen). 

dined to use, it can be sold. Overequipment is less likely when the 
colony rather than the centralized type is used. . ,, 

3 The individual house is more economical, especially for the small 
farmer or beginner whoso ability to make money with hogs has not 
been tested, or who has not had the experience to deter.ntne ,ust how 
large the swine enterprise for his particular farm should be A . so 
skilled labor is more necessary in the construct, on of the cen ral h us 
than for the small colony type. The latter can be made by 
himself during the winter and at other odd times. ’ 

likely provide the equipment as it is neceded. mcreastng 
as tlieLrd grows, and in line with the prmc.ple of allow, ng the Iterd 
to grow only on its own proliis. 





HOUSING AND GENERAL MANAGEMENT 


139 


groups at outlying points. Perhaps the last point is not so important, 
for the reason that the individual houses may be and often are cen- 
trally located during the cold season. It should also be stated that the 
individual house when banked with straw or com stalks is as com- 
fortable as the unheated central house. 

1. One of the most important advantages of the centralized housing 
system is that it permits more effective supervision and care of the 
sows and young pigs at farrowing time. With early farrowing, this 
close contact which is possible is a matter of considerable importance 
in saving the pigs in cold weather. The central house, or a few pens 
partitioned off in one section, can be heated artificially more easily 
than can the individual farrowing house. Sows that are restless, irrita- 
ble, or cross can be more successfully managed. The job of removing 
the needle teeth and notching the ears can be done with less disturb- 
ance and trouble. It is possible to revive chilled pigs more promptly, to 
assist weak pigs to the teat, and to give that constant observation and 
care which is all-important during the first week of the pig’s life. 

2. Another advantage which the large central house has over the 
individual house is that less labor is required in the feeding and care 
of the herd. The feed and water supply is close at hand and the herd 
mostly under one roof. The work of castrating, vaccinating, dipping, 
ringing, and breeding can be more systematically and easily managed. 



Fia. 29. An inexpensive and cflicient t>pc of central farrowing house. 


Less general equipment, also, such as troughs, barrels, writer foun- 
tains, etc., is necessary. 

3. The central type of house is more substantial in construction and 
usually gives longer service. With concrete lloors and found.ition. the 
building is ratproof and the floors can be cleaned and disinfected with 
a niiniinum of labor. It has some special advantages for the breeder 
of pedigreed hogs. It facilitates the classification and display of the 
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pigs which are for sale and is a great convenience in the conduct of 
auctions. 

The principal disadvantage of the centralized type of housing is that 
it encourages a centralized type of management, thus making more 
difficult the problem of controlling parasites, especially worms, and 
that there is difficulty in providing the clean outside conditions which 
are so essential in the prevention of severe anemia among the young 
pigs. It is not adaptable to the needs of the herd managed according 
to the best-known principles. A second objection to the large central 
house is its cost. Too often it is pretentious in design, elaborately 
equipped, and larger than needed. 

Conclusions. A fair consideration of the advantages and disadvan- 
tages of the two systems of housing just discussed points rather defi- 
nitely to the conclusion that the best and most practical plan is the 
one which places most reliance on the individual house, but supple- 
mented with a small centrally located building to be used as a far- 
rowing house or “lying-in hospital” when early pigs are produced. 
This should be of a capacity to supply farrowing accommodations for 
about one-fourth the sows in the herd. The sows that have farrowed 
may be moved out to their individual houses as it is necessary to pro- 
vide accommodations tor those soon due. In this combination plan 
we have practically all the advantages, and none of the serious disad- 
vantages, of both systems, 

LOTTING AND GRADING 

Good management and feeding results are not possible when all the 
classes of hogs, both big and little, are allowed to run together more 
or less promiscuously. Only those individuals whose requirements for 
feed and care are the same should be together. The effect, for example, 
of allowing the pregnant sows to run with the fattening shotes is to 
jeopardize the chances of a good pig crop later as well as to increase 
considerably their cost of maintenance. Hogs that are being fattened 
do well in restricted quarters and with full fattening rations. It is not 
possible under these conditions for pregnant sows to perform satis- 
factorily; they demand a limited ration and plenty of exercise. The 
bred gilts should likewise be separate from the mature sows, for they 
cannot compete successfully with the older sows at the trough or sleep- 
ing quarters. 

The practice of allowing the pregnant sows or gilts to run with the 
breeding cattle is not objectionable so long as separate sleeping quar- 
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ters are provided and the consumption of com is carefully guarded. 
Horses should not be allowed in the same field with the sows because 
the chances of injury are too great. The mature boar should occupy 
independent quarters from the boar pig unless they can be fed sepa- 
rately. The boar is often allowed to run with the bred sows which is 
not objectionable so long as he behaves himself. It will facilitate his 
care and greatly improve his opportunity for needed exercise and 
companionship. ' 

The number of lot divisions necessary at central headquarters for 
the accommodations of the herd during the winter period will de- 
pend mainly on whether fall pigs are produced and the time the spring 
pig crop is marketed. Under most conditions, when both fall and 
spring pigs are produced, six to eight lots in addition to the boar lot 
will be needed. These should not be of the “dry-lot” variety; they 
should grow at least one and sometimes two forage crops a year. 
For handling 75 spring and 50 fall market pigs, an area of an acre 
and a half, twice as long as wide, divided the long way into six lots 
with pigtight woven wire fence, will be adequate. These should be 
used to supplement rather than to replace forage feeding in the field 
during the summer, and for lotting and grading purpo'ses during the 
winter. There should be no more than one dry lot at the bam and 
this of minimum dimensions, partly concreted, to be used as a hold- 
ing and sorting pen and for feeding out market pigs in cold weather. 

EXERCISE 

A reasonable amount of regular exercise is an important factor in 
the maintenance of breeding thrift in all mature animals and in pro- 
moting vigor and health in young growing animals. Breeders believe 
that the amount of exercise taken by the sow during the gestation 
period bears some relationship to the strength and activity of her pigs 
at birth and to her ability to farrow her pigs without dilliculty or com- 
plication. In connection with this point it will be interesting to con- 
sider some recent experimental studies which have been made. 

Some experimental studies. Results of trials by Anderson and 
Marston of the Kansas Station - indicate that the size of the exercise 
yard given pregnant gilts during the winter has an important bearing 
on the vigor of the pigs at birth and the thrift and m eight of the pigs 
when one month of age. They gave four gilts during the gestation 
period a large yard, in vshich no vegetation was allowed to grow, while 

• U. M. AnUcrsoii and It. W. Maolon. Cii. US. IVZS. 
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the same number was confined to a small pen 8 by 6 feet in dimen- 
sions. Liberal quantities of earth were taken from the large and put 
into the small pen so that the available mineral supply would be more 
nearly the same. Half of the gilts in each group were fed com alone 
and the other half com and tankage. The results are briefly sum- 
marized in Table 36. 


Table 36. Showing Value of Exercise for Pregnant Gilts 


Treatment 

• Ration 

Weight of Pigs 
at Birth 

Weight of Pigs at 

1 Month of Age 



lb. 

lb. 

Exercise 

Corn alone 

1.97 

11.75 


Corn and tankage 

2.07 

14.08 

No exercise 

Corn alone 

1.97 

7.67 


Corn and tankage 

1.90 

11.84 


During the gestation period it was observed that the sows which 
had the opportunity to exercise “were smoother of hair coats” than 
those not getting exercise. The authors reported also that although the 
sows which received no exercise and corn alone farrowed as heavy 
pigs as those receiving the same ration with exercise, the pigs were 
listless and inactive, several were born dead, and some undeveloped 
and with little hair. The pigs from both ration groups of sows which 
received liberal exercise developed more rapidly and showed decidedly 
more thrift than those from dams not getting exercise. 

Under somewhat different conditions, Hogan of the Missouri Sta- 
tion ^ made a test to determine the possible effect which exercise 
might have on some of his experimental feeding results with pregnant 
sows kept under conditions of close confinement. One group of six 
sows was systematically exercised by driving them up and down a long 
hallway. From September 10, 1926, to March 26, 1927, they were 
compelled to walk a distance of a mile each day. As they became 
heavier with pig, the distance was reduced. On March 26 it was re- 
duced to three-fourths of a mile a day, and on April 26 to one-fourth 
of a mile. Another group of seven sows, fed the same ration and 
housed under the same conditions, were not exercised; they were 
rather closely confined. Both groups were inside on board or concrete 
floors llic entire time. The number of dead pigs farrowed per litter was 
0.33 for the sows which received exercise, and 1.14 for those which 


*A. G- Hogan. Res. Uul. 168. 1932. 
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received no exercise; in the weights of the individual pigs and of the 
litters at weaning, there were no significant differences. 

In feeding experiments with sows and gilts, Vestal of the Indiana 
Station * devised the scheme of dividing each ration group into two 
lots, one of which was allowed liberal exercise and the other limited 
exercise. A further division was made which permitted a study of the 
effects of exercise as influenced by the condition of the sows. The feed~ 
ing trials covered five winter gestation periods, from 1920-1921 to 
1925-1926, and involved the use of 108 mature sows and 36 gilts. 
The sows with liberal exercise had the run of dirt lots approximately 
100 yards in length, the sleeping quarters being located at the far end, 
while those with limited exercise were confined to similar dirt lots 
about 30 feet square in area. These conditions were maintained until 
the pigs were weaned, but ail groups received the same milk-producing 
ration during the suckling period. The data as arranged in Table 37 
make possible a comparison also of the results as affected by the con- 
dition of the sows. 


Tabic 37. Effect of Large and Small Exercise Yards during liic 
Gestation Period 



Liberal Exercise 

h 

imited Exercise 


Mediuin 

Con- 

dition 

lat 

Con- 

dition 

.iverage 

and 

Totals 

Medium 

Con- 

dition 

bat 

Con- 

.Irerage 

and 

Totals 








farroit cd 

38 

38 

76 

36 

35 

71 

Number of $oi»s that 








38 

35 

73 

32 

31 



8.-13 

8% 

8.69 

9.51 

9 05 

9 28 

IWrch \xcigl)i per pig 

2.71 Ib. 

2.58 lb. 

2.61 lb. 

2.55 lb. 

2 50 lb. 


\ Igor of pigj 




65'‘r 



Strong 

71'^ 

Oi'e 




^tcdlUI^ 

17'‘r 

22' c 

20' r 


22'r 


Weals 



O'l. 

12'^c 

lO'l 


Dead 

V.'o 


I''r 


lU'i 

! ' > 

Number of pig* in 




5 89 



ucaiuil litter* 

0.38 

5J2 

5 " » 



rcitentage of farrutseil 







l>ii« ucaiicd 


Ij'J- 


»<2'r 

J >' r 









mg lime 

173 Ib. 

1 12 lb. 

r.7 lb 

1 I'l Ib. 

r.'. II. 









wcjt.Mu time 

27 Ib. 

27 lb. 

27 Ib 

.■i> lb 

.'■> 11. 

11. 


It may be a matter of surprise to some that the elleet of exercise as 
shown in these results ssas not more pronounced. Perh.tps the most 
significant ditfcrence was in the number of litters lost after farrossuig. 

•c. .\t. XciUt. tial. at). t'DS. 
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There were three sows in the exercise group which lost all of their pigs 
before weaning time, and eight in the limited-exercise group. Most of 
these, it is of some importance to observe, were in the lots where the 
sows were allowed to become excessively fat. Although the sows with 
limited exercise farrowed larger litters, the general results showed that 
those with liberal exercise had a slight advantage in weight of pigs at 
birth, strength at birth, percentage of farrowed pigs weaned, and in 
total litter weight at weaning time. 

Considering only the lots which were fed for medium condition of 
flesh, the effects of the difference in exercise were more evident. Those 
getting liberal exercise were significantly better in the number of 
farrowing sows which weaned litters, the number of pigs farrowed, 
the percentage of farrowed pigs weaned, and the weight of the litter at 
weaning time. 

In the case of the sows which were allowed to become excessively 
fat, exercise, or rather the opportunity to exercise, had no significant 
influence apparently. It may have been that the fat condition of the 
sows did not permit as much differentiation in the actual amount of 
exercise taken as the difference in the size of the lots suggests. Due to 
their condition, in other words, the sows in the larger lots may have 
taken little more exercise than did those in the smaller lots. 

Conclusions and discussion. The fact that the exercise taken, or the 
opportunity to exercise, did not have more noticeably beneficial effects 
in the case of the pregnant sows studied in some of these experiments 
probably does no more than show the difficulty of measuring such 
benefits. The health-promoting benefits of a reasonable amount of 
regular exercise for pregnant animals is so well established that the 
experienced stockman would not allow it even to be seriously ques- 
tioned. 

It probably is true, nevertheless, that good health and reproduction 
can be maintained for a time when the sows are closely confined dur- 
ing the gestation period, but it is difficult. Under such restrictions it 
would be imperative that a complete, well-balanced, laxative ration 
be fed in carefully regulated amounts, and that special attention be 
given to the maintenance of sanitary conditions. Even with careful 
dieting and clean conditions, we should expect such inactivity to re- 
sult finally ia more frequent difficulty in farrowing, an increased tend- 
ency for the pigs to come weak, and a decrease in the number of 
strong pigs raised to the litter. And aside from the exercise feature, 
nraximum range for pregnant sows is important in practice because of 
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the chance which it affords to cut down feed costs and the opportunity 
it offers the sows to obtain from the soil and vegetation the minerals 
and vitamins which are too often missing from the ration fed at the 
trough. 

The problem of supplying exercise for the pregnant sows during the 
summer is solved naturally when they are maintained on pasture with 
a minimum of grain. The same is true with the other classes of hogs. 
In the case of the boar, his needs deserve particular attention, for con- 
finement results in a sluggish disposition and a tendency to crampiness, 
both of which represent a serious handicap to his breeding perform- 
ance later. 

SANITATION 

In the management of the breeding herd during the winter the con- 
dition of the sleeping quarters should be given attention. Pigs cannot 
thrive if the bed is damp. Rheumatism, colds, and pneumonia are the 
common results of overcrowded, dusty, and unsatisfactory housing 
conditions. The hog house should be warm without being close; it 
should not be drafty, but there should be enough ventilation to prevent 
steaming. The beds should be kept dry and the houses cleaned with 
sufficient frequency to keep them free from much dust. 

The frequency with which the bedding should be changed and the 
quarters cleaned will depend chiefly on the weather and the character 
of the floors. When the weather is cold and things are frozen up tight, 
it is much easier to keep the quarters dry and sanitary than when the 
weather is warm and the ground soft. Likewise, well-constructed build- 
ings with tight floors require much Jess work to keep clean than do 
poorly constructed houses with leaky roofs and dirt floors. As a rule, 
the houses should be cleaned thoroughly once a week. When the bed- 
ding has been removed, it is a good practice to lay the dust by sprin- 
kling with crude oil. An occasional spraying with a strong disinfectant 
(4 percent coal-tar dip) is desirable. When the w’calhcr is cold, the 
bedding should be supplied in liberal quantities; when very warm, the 
less bedding used the better. 

The houses and other sleeping quarters which are to be used by the 
hogs during the winter should be given a thorough going-over before 
cold weather sets in, having particularly in mind ridding the herd of 
any lice. This should consist of a thorough cleaning and disinfection 
of the houses and a careful systematic examination of the hogs for 
eggs and lice. Affected groups should be treated by spraying in close 
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pens or preferably by dipping, repeated once in a week or 10 days, 
using a 3 percent solution of a standard coal-tar dip, or liquor cresolis 
compound, plus crude oil sufficient for a 14 -inch layer on top of the 
contents of the vat. A newer and most effective treatment consists of 
a single application of benzene hexachloride or chlorodane with a 
sprayer. It kills both lice and nits, and is equally effective against 
mange (see Chap. XXII). In connection with this clean-up campaign, 
it is essential to remove and burn or plow under all litter, straw that 
has been used for bedding, manure, corncobs, and the leavings of old 
straw stacks that may have been used previously as sleeping quarters 
by the hogs. 

During the summer the herd is under conditions which are favorable 
for the maintenance of health and breeding thrift. With most of the 
farm fenced hog-tight, with adequate range, plenty of green feed, 
shade, and good water, the problems of management are practically 
solved. The cost of feeding and the work of handling also arc reduced 
to a minimum when natural rather than artificial conditions prevail. 



VII Food Demands of the Growing 
and Fattening Pig 


Before considering the food demands of the pig it will be profitable 
to consider briefly some of the facts and principles relating to his 
growth and development, with the special object in mind of making it 
possible to understand better his food requirements at the different 



F>g. 30. Skull of pig about Wi years old, sculptured to show the embedded 
parts of the teeth, 1”, I”* incisors; 2, canines; 3^ 3“. 3"k ■?*'. premolars. 
4^, 4”, 4“!, molars. The third molar has not erupted and its roots arc not >ct 
formed (from Sisson’s Anatomy of Domestic Animals. Cotiru-sy of \V. B 
Saunders Company). 
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stages of growth and to give information which will make us better 
judges of the results of feeding practices. 

HOW THE PIG GROWS 

The rate of development. As measured by the live weight, growth in 
the pig full-fed from birth takes place normally at an accelerating rate 
up to the weight of 200 to 250 pounds, and at a diminishing rate there- 
after. From a study of the data supplied by 12 selected feeding ex- 
periments conducted at five Com Belt stations, in all of which bal- 
anced rations were fed in the dry lot from soon after weaning to 
market weight, Atkinson and Klein of the Bureau of Agricultural Eco- 
nomics ^ found that the rate of gain reached a maximum (1.7 pounds 
daily) in the weight range of 200 to 210 pounds. By adjusting the 
weights from the different experiments to make them more com- 
parable, and applying an appropriate mathematical formula to the 
data, the extended theoretical growth curve shown in Fig. 32 was 
obtained. 

In Robison’s experiments at the Ohio Station “ 16 purebred Duroc 
Jersey pigs were full-fed individually in the dry lot from weaning to 
400 pounds. With these pigs the maximum rate of gain occurred in the 
weight range of 200 to 300 pounds. The data of Ittner and Hughes of 
the California Station,” based on gains made by 457 pigs representing 
different groups but with a minimum of 150 pigs at each hi-weekly 
weighing, showed an acceleration in rate of gain up to the weight of 
160 pounds only. These pigs were full-fed well-balanced rations, some 
with and some without pasture. 

It should be clearly understood that these results, pictured graph- 
ically in Fig, 32, apply only to pigs that have been full-fed from birth. 
Pigs that have been grown on a limited ration and are in moderate con- 
dition when placed on full feed will make their maximum gains when 
at much heavier weights. A medium conditioned 300- or 400-pound 
hog when full-fed will gain more than 2 pounds daily while fattening- 
The type of hog will also affect the result. Those that fatten early dur- 
ing the growth period, as does the chuffy or small type, will reach their 
maximum gaining capacity at an earlier weight and age than will the 
large later maturing types. 

When considered in relation to the size of the pig, the daily gains 

'L. J. Attinson and John W. Klein, U.S.D.A.. Tech. Bui. 894, 1945. 

>W. L. Robison, Dul. 335, 1919. 

* N. R. Inner and E* H. Hughes, 3r. oj Heredity. VoL 29, No, 10, 1918. 
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weight and degree of finish which produces the weight and quality of 
cuts wanted by the consumer and is attained by good market pigs when 
they reach a live weight of 200 to 225 pounds. It is an interesting fact 
that, as the result of the development by breeding of the disposition 
to fatten early during the growth period, together with intensive feed- 
ing, this market finish is attained before the pig has completed one- 
half his growth cycle. 

Pigs differ in their capacity for rapid gains. A fair average for 
healthy individuals full-fed good rations from birth up to the market 
weight of 225 pounds is 1 pound daily. With superior pigs and ideal 
conditions and rations, however, much faster gains are possible. 
Records made in the “ton-litter” extension projects of the various 
states show many instances of daily gains exceeding IVz pounds from 
birth to five or six months of age, and of individual pigs which exceed 
1^4 pounds a day. Such records are interesting because they show the 
possibilities attainable through the application of sound principles of 
breeding, sanitation, and feeding. 

Why some pigs grow faster than others. The reason why some pigs 
■make faster gains than others of the same weight and previous treat- 
ment when fed the same ration according to appetite has not been 
successfully explained. To say that some will gain faster than others 
because they are bred that way does not satisfy the question, although 
none can doubt that the ability is hereditary. Fast-gaining pigs prob- 
ably are bom with a larger appetite and a stronger growth impulse than 
slow-gaining pigs, which means a faster rate of ceil division or growth. 
This implies a larger metabolic capacity for the retention and storing 
up of the elaborated food constituents and presumably also larger 
digestive and assimilating powers. Studies by Daugherty with the 
author however, failed to show any significant agreement between 
the volume capacity of the digestive tract, or any of its parts, and the 
rate of gain made previously, although there was a rather close rela- 
tionship between the gains and the length of the intestines when meas- 
ured before emptying. 

Gains as related to the capacity of the digestive organs. It will be of 
interest to note here the volume capacity and linear dimensions of the 
stomach, small and large intestines, in the studies just referred to. The 
figures, given in Table 38, represent averages for 12 pigs which had 
been on a feeding experiment where full rations were fed from soon 
after weaning and which weighed, when killed, an average of 250 

^ F. C. Daueherty. Purdue University. Master thesis. 1932. 
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pounds. They were well fifiished in condition at this time. The methods 
employed in making these measurements were such that the results 
are believed to be reliable for the number studied. 

Table 38* Capacity and Linear Dimensions of the Digestive Organs of tbe 
250-pouud Pig 


(A verage 12 Pigs) 

Percentage Total 

Capacity Capacity Length 



qts. 

% 

ft. 

Stomach 

4.50 

14.31 


Small intestines 

14.30 

46.41 

58.50 

Large intestines 

12.10 

39.28 

16.16 

Total 

30.90 qts- 
or 7.72 gals. 

100.00% 

74.66 ft. 


The length measurements given here for the small and large in- 
testines correspond very closely with those given in' earlier references. 
Laible of the Jllinois Station ® found the average length of the intestines 
of 58 pigs killed at a weight of 225 pounds to be 61 feet for the small 
and 15% feet for the large intestines. Stomach capacity, however, was 
found to be considerably less than that which has been reported in 
older references. 

Although the 250 pound pig has a total capacity between seven 
and eight gallons, it is the smallest of any of the domestic animals. 
The pig has a capacity equivalent to 12 to 15 quarts for each 100 
pounds live weight; for the horse it is approximately 19 quarts per 
hundredweight, and for cattle and sheep the capacity is approximately 
30 quarts per hundredweight, 

Daugherty s studies included also a determination of the capacity 
of the alimentary tract of pigs of varying ages. These data with some 
calculations are presented in Table 39. The seven pigs used in this 
study were crossbreds, litter-mates, and unusually vigorous and uni- 
form. They had been full-fed from birth. 

The number of pigs involved in this study is, of course, too limited 
to make valid any principles which might appear to be established re- 
specting the relation of weight to the development of the digestive 
tract. The data do suggest, however, some interesting facts. SlomacIi 
capacity does not seem to increase with advancing age as markedly as 
docs cither that of the large or small intestines. The capacity of the 

*R. J. Laible. Unpublished data, courtesy of W. E. Carroll. 1932. 
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Table 39. The Effect of Age on the Capacity of the Digestive Tract of the Pig 


IVelght of Pigj ]Vhen Killed 

JO Lb. 

(aa. 2 Pigi) 

100 Lb. 
(av. 2 Pigs) 

150 Lb. 
(av.2 Pigs) 

200 Lb. 

(1 Pis) 

Stomacli capacit) 

Actual 

1 .62 qts- 

2.80 qts. 

3.65 qts. 

3.92 qts. 


Per cut. 

3.24 qts- 

2.80 qts. 

2.43 qts. 

1.96 qts. 

Small inlcstines. 

Actual 

5.14 qt*. 

8.1 7 qts. 

16.44 qts. 

15.68 qts. 

capacity 

Pcra» t. 

10.28 qts. 

8 17 qts. 

10.96 qts. 

7.84 qts. 

1-arge intestines, 

Actual 

2.30 qts. 

J.40 qts. 

9.19 qtSA 

9.96 qts- 

capacity 

Per evil. 

4.60 qts. 

5.40 qts. 

6.13 q'ts. 

4.98 qts. 

Total capacity 

Actual 

9.06 qts. 

16,37 qts. 

29.28 qts. 

29 56 qts. 

Per cwi. 

13.12 qts. 

16.37 qts. 

19.52 qts. 

14.68 qts. 

Small intestines. 

Actual 

50.00 ft. 

50.92 ft. 

54.75 ft. 

55.25 ft. 

length 

Per CSV t. 

100.00 ft. 

50.92 ft. 

36.30 ft. 

27.62 ft. 

Large inicsiines. 

Actual 

8.58 (i. 

10 08 ft. 

12.75 ft. 

14.00 ft. 

length 

Per cut. 

17.16 ft. 

10.08 ft. 

8.50 ft. 

7.00 ft. 

Total intestinal 

Actual 

58.58 ft. 

61.00 ft. 

67.50 ft. 

69.25 ft. 

length 

Per ctvt. 

117.16 ft. 

61 00 ft. 

45.00 ft. 

34.62 ft. 


large intestine increases at a rate equal to, if not exceeding, that of the 
growth weight. This is in marked contrast to the stomach capacity. 
With increasing growth, the capacity of the Jarge intestines conse- 
quently represents an increasing proportion of the total capacity. The 
total capacity for each 100 pounds weight decreases only slightly with 
increasing weight. The amount of feed which a pig actually will con- 
sume for each 100 pounds weight is more closely related to the capac- 
ity of the stomach than to either the small or large intestines. 

The small intestines are nearly as long in the 50-pound pig as they 
are in the 200-pound pig; the large intestines increase in length more 
perceptibly with advancing age. In neither case does the length increase 
in harmony with growth so closely as does the capacity. The increase 
which occurs in the actual capacity of the intestines with increased 
growth would seem to be, therefore, the result of change In diameter 
more than of length. 

Gaining capacity as related to type. Many claim that the ability of 
a pig to make rapid gains on good rations is largely a question of type. 
The comprehensive studies of Carroll and associates of the Illinois 
Station,*^ covering a period of three years, 1922 to 1924, supply valu- 
able information in this connection. Their results showed some su- 
periority of the intermediate type over either the chuhy or rangy when 
hand-fed individually to a weight of 175 pounds. When scif-fed by 
groups to a weight of 225 pounds, there was a significant dillcrence in 
favor of the intermediate and rangy over the chulTy type. When self-fed 

‘W. E. Carroll, S. Bull, J. B. Rice. R. J. Laible. and R. A. Smilh. But 321. 1929. 
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on alfalfa pasture to a weight of 225 pounds, the intermediate out- 
gained the rangy type by the difference between 1.76 and 1.68 pounds 
daily. 

Results secured by Zeller of the U.S. Department of Agriculture 
in general confirm these conclusions. In these studies pigs produced by 
breeding herds representing the small, intermediate, and large types 
were full fed well-balanced rations from weaning to approximate 
market weights. In. one series of trials the three lots were fed to the 
same weight of 225 pounds, and in another series the tests terminated 
for each lot when it had reached desirable market finish. When fed to 
the same final or market weight, the average daily gain for each of the 
three types was as follows: small type, 0.90 pound; intermediate type, 
1.08 pounds; and large type, 0.98 pound. There were 63, 172, and 196 
pigs, respectively, in the three lots. In the other series, 85 small, 62 
intermediate, and 94* large type pigs were fed to the same market finish, 
which was reached for the respective types at 143, 214, and 252 
■ pounds. The average daily rate of gain of each lot in this plan was 0.86 
pound for the small type, 1,26 pounds for the intermediate, and 1.24 
pounds for the large type. 

The importance of ancestry. The conclusion of the breeder, based 
on observation and experience, is that the size of the individuals repre- 
sented in the parentage of the pig is a very important factor affecting 
his gaining ability. It is well to note here that large individuals are not 
necessarily of the rangy type, although this type usually grows to 
heavier weights than the intermediate or chuffy types. Weight records 
of the boars and sows which “placed” during the years of the National 
Swine Show indicate unmistakably that those breeds which were 
heaviest in the yearling and aged classes were heaviest also in the 
Junior and senior pig classes. 

Differences in ancestry or heredity also account for the fact that 
some strains and herds of the same breed and type arc faster gainers 
than others. Pigs from the same litter, because of individual differ- 
ences in hereditary endowment, differ in their capacity for growth. In- 
breeding tends, in most fines, to result in some loss of growth vigor. 
Crosses between breeds, and between inbred lines, generally possess 
slightly more vigor and gaining capacity than the parental lines. 

Emironmcnlal factors affect gains. Probably most of the differences 
in feed-lot performance, especially between herds, arc not so much 
the result of differences in breeding as of differences in the environ- 

*J. H. Zeller, ^roc. Am. Soc. An. Prod., 1940. 
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merit. The type of the ration fed, as it affects the nutrition and health 
of the pig, is obviously one of the most important of these factors. 
That disease and parasites are also responsible for large differences in 
the response of pigs to otherwise good conditions is appreciated by all 
experienced hogmen. Also, the housing and general environmental 
conditions, as they affect the comfort and general well-being of the 
pigs, are probably of more importance than is generally realized. The 
effect of extremes of temperature in reducing feed consumption and 
rate of gain has already been referred to (see page 134). The lack of 
convenience or quality in the water supply may, in fact, be responsible 
for unsatisfactory gains. 


Table 40. Estimated Rate aad Feed Cost of Gains and Feed Consumption, 
as Affected by the Weight of the Pig, Full-fed, Dry Lot 


Weight 

of 

Pig 

Average 
Daily Gain 
During Period 

Approximate 
Daily Feed 
Capacity 
per 100 Lb. 
Live Weight. 
During Period 

Concentrates 
to Produce 1 
Cwt. Gain 
During Period 

Concentrates 
to Produce 1 
Cwt. Gain, 
Cumulative 
from 30 Lb. 

Ib. 

Ib. 

Ib. 

lb. 

lb. 

30- 50 

0.65 

5 -5% 

325 

325 

50-100 

0.90 

4 -4'A 

350 

343 

100-150 

1.30 

4 

385 

360 

150-200 

1.60 

3%-4 

420 

376 

200-250 

1.75 

3% 

460 

395 

250-300 

1.65 

3 

510 

417 

300-350 

1.55 

2!4-3 

585 

443 

350-(00 

1.40 


675 

474 

400-450 

1.10 

2 

775 

5J0 

450-500 

0.75 

1% 

925 

554 


The cost of gains increases with age. A second law observable in the 
development of the pig is that the amount of feed which is required to 
produce a unit of gain increases quite regularly from birth to maturity. 
This is a characteristic of all farm animals. 

In Table 40 is given the amount of concentrates required to produce 
100 pounds of gain in live weight at the different ages or weights 
under the average of good dry-lot conditions. These figures approxi- 
mate in round numbers the dam supplied by Atkinson and Klein. 
When on good forage, pigs will, on the average, make a unit of gain 
on 10 to 12 percent less concentrates than is required in the dry lot 
(sec page 241). 





0 50 100 150 200 250 300 350 400 450 500 

Pig Weight - Pounds 

Fig, 33. Curve showing the approximate amount of concentrates required 
to produce a unit of live weight gain as the weight of the pig increases, full-fed 
from birth (see Table 40). 

The determination o£ tlie feed cost for the period from birth to 50 
pounds is intricate because of the varied nature of the pig’s diet and 
the diliiculty of determining his actual food consumption. Sufficient 
data arc available, however, to indicate that the feed cost at that period 
is much lower than at any subsequent period. Evvard’s studies with 
orphan pigs at the Iowa Station" furnish information covering most 
of this period. He hand-fed two groups of pigs, 16 in one and 7 in 
the other, from an average beginning weight of 8.6 pounds to a final 
weight of 34.5 pounds for one group and to 56.8 pounds for the other. 
I he weighted average amount of feed in terms of concentrates required 
to produce 100 pounds of gain was 183.6 pounds. Thirty-two percent 
of the solids consumed, on the average, was frojn cow’s milk. Beach of 
the Connecticut Stores Station ® band-fed two pigs on low-fat cow’s 
milk for a period of 40 days, and four pigs for a period of 30 days, 
beginning immediately or soon after birth. He found that it required 
an average of 138 pounds of milk solids to produce 100 pounds of 
gain. 

Olofssoa and Larsson of ihe Svaluv E.spctimeiit Sttition, Swedca."' 

•John M. Uoinl. Kcs. Itul. 1 '). 19IJ. 

*C. L hesth. Wul. JI. Issn. 

'•N. U. Olotv^n ana Uiwo.i. i;sK.. Vot. (.7. So. I. tvS:. 
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estimated from studies made of the milk production of 200 sows cover- 
ing 6 to 8 weeks of the nursing period that the pigs made a gain of 1 
pound in live weight on the equivalent of 1.09 feed units or pounds 
of concentrates. In thesis studies by Blaydes and Husted,^^ under the 
direction of the author, two litters of pigs during the period from the 
age of 21/i to 24V4 days gained at the rate of 100 pounds for each 55.6 
pounds of solids in the mother’s milk. The consumption of milk was 
determined in three separate 24 test periods by keeping the sows and 
litters separate and weighing the individual pigs immediately before 
and, after each of the eight nursings allowed during each period. 

Why young pigs gain economically. The fundamental reason for the 
greater gain in live weight by the young as compared with the old pig 
from a given unit of feed is to be found chiefly in the character or na- 
ture of the gains. The animal body is made up of water, ash, protein, 
and fat. As the pig grows and fattens, the proportion of these con- 
stituents changes considerably, especially the fat and water. The 
amount of water in the tissues of the animal decreases from birth to 
maturity and the percentage of fat increases; the proportion of the ash 
and protein decreases slightly. This is shown by the figures given in 
Table 41, representing the. average chemical analysis of the entire 
empty weight of pigs at different stages of development. 


Table 41. Chemical Composilion of Figs, Empty Live Weight 


Age or 
Weight 

Number 
of Pigs 

yVater 

Fat 

Protein 

Ash 

Station 

New-born 

3 

% 

80.46 

% 

2.08 

% 

15.25 

% 

4.00 

Mo. Exp. Sta.® 

55 days 

5 

70.67 

9.74 

16.56 

3.06 

Wellman ** 

100 lb. 

60 

66.76 

16.16 

14.94 

3.12 

Mo. Exp. Sta.*" 

1501b. 

6 

56.07 

29.08 

14.03 

2.83 

Mo. Exp. Sta. 

200 lb. 

12 

53.99 

28.54 

14.48 

2.66 

Mo. Exp. Sla. 

250 lb. 

40 

51.28 

32.14 

13.37 

2.75 

Mo. Exp. Sta. 

300 Ib. 

10 

42.48 

42.64 

n.63 

2.06 

Mo. Exp. Sla. 


‘ II. P. Armsby and C. Robt. Moulton, The Aiitnial as a Convener o/ Mailer and 
Enemy, The Chemical Catalog Company. Inc.. New York. p. 51. 1925. 

'‘Ibid., p, 56. 

'A. L, Hogan, L. A. \Vca>cr, A. T. Edingcr. and E. A. Trovibridgc. Res. BuL 
73, 1925. 


Analysis of the empty weight of 58 pigs ranging in weight front 55 
to 275 pounds by Mitchell and Hamilton '= gives figures quite com- 
parable to those in the above table. These authors cmphasi/c the fact 
that the dominating factor in the changes which occur in composilion 


"II. S. niaydcs and G. II. IluilcJ. PuiJuc Uniicruly. 1951. 

‘ML IJ. MiicbcU and T. S. HAn\iUon, IlL E»p. Sla., Uul. 323. 1929 
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with advancing age is the percentage of fat. They make the important 
observation that, on a fat-free basis, there is remarkably little change, 
particularly after the pig reaches the weight of 150 to 175 pounds. 
Their figures for this period, characteristic of the mature animal, are 
75 to 76 per cent of water, 20 to 21 per cent of crude protein, and 
4 per cent of ash. 

At birth the pig is about 80 percent water and 2V4 percent fat; at a 
weight of 300 pounds he is 42 percent water and 42 percent fat. It is 
obvious, therefore, that the gains made by the young pig, composed 
as they are more largely of water and less of fat, would require, less 
food for their production than would the same amount of Increase later 
in life when they are composed more largely of fat and less of water. 

Another reason accounting for greater economy of gains by young 
pigs is to be found in his larger feed consumption. As he advances in 
age and weight his consumption of feed according to weight dimin- 
ishes, as indicated by the figures in Table 40. As a result of this larger 
food consumption by the younger pig, there is left, after maintenance 
requirements have been satisfied, a larger proportion of the ration 
available for increase in weight, which means larger gains from the 
same unit of feed. The young pig may digest his rations a little more 
completely than the older pig, but the two principal factors respon- 
sible for the greater economy of his gains are those resulting from the 
nature or composition of the gains themselves and his larger feed 
capacity. 

The amount fed influences economy of gains. The amount of the 
ration fed is a factor affecting the amount of live weight gain made 
from a unit of the feed. When the quantity fed is so limited that the 
maintenance needs only arc met, its efiiciency measured in terms of 
gains is zero. As the amount fed is increased beyond maintenance re- 
quirements, its so-caltcd eflicicncy increases. Theoretically, one would 
e.xpect this elllcicncy to increase regularly with each increment of feed ^ 
until a full ration is fed, since the maintenance needs remain nc.irly 
constant and the total maintenance requirement decreases as a result 
of the shorter feeding period. Actually, however, the gains made from 
a unit of feed increase only up to the point where a two-thirds to 
thrcc-fouttlis full ration is fed. From this point up to the full capacity 
of the pig his elTicicncy decreases slightly.” 


■' N’ K Biis anil J. II. Ztllcr. "EITccI of Quanlilr anJ KinJs of FecU 

of Gains ifJBiKlr Conipoiilion of Host." Tech. Ilul. 413. U.S.t>.A.. ‘‘'U J- ^ 
lai°t.Fi=.« F. B. MomiSn. and J. I-. W.lIn.ao. "Kcbli.c tinkler of ■ 
FuU-Veedins for Fai.cnins Fis» i" Dry Ua." dm. Sot. f'oJ.. A,.. Arr . > 
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There are two principal reasons which explain this decrease in ap- 
parent economy of gains. The first is that the full ration is not quite so 
completely digested as the limited one, and second, the composition 
of the gains made on the full ration, made up as they are more largely 
of fat and less of growth products and water, is more concentrated in 
character and hence more expensive. Even when fed to the same 
market weight, pigs receiving a limited ration grow more and fatten 
less than do those fed a full ration. 

Feed costs measured in edible food products. It should be empha- 
sized here that the feed cost of gains up to the various weights, as 
shown in Table 40, does not represent the entire feed cost, since the 
cost of maintaining the breeding herd was excluded. The figures con- 
sequently represent only a part, although the larger, of the total feed 
cost of producing the finished market pig. 

Also, it is important to note that, from the standpoint of human 
food production, the feed cost per unit of dressed carcass or of edible 
food increases much less rapidly with advancing weights than when 
measured in terms of live weight gains.** The economic importance 
of these facts is considered further in Chapter XVI. 

FOOD DEMANDS OF THE GROWING AND FATTENING PIG 

The unrestricted activity of the wild ancestor of our present domes- 
ticated hog enabled him to gain subsistence from the mast, herbs, suc- 
culent bulbs, larvae, grass, and earthy materials of the forest and fields. 
His food demands were the same, in kind, as are those of the modem 
hog; but his size was smaller, his rate of gain slower, and his capacity 
to reproduce young more limited. The primitive hog was fitted by 
nature to his environment and probably rarely suffered from disease 
or ailments which were the result of imperfect nutrition. 

The modern hog, on the other hand, has been marvelously improved 
by selective breeding in the capacity for growth and reproduction. At 
the same time his range has been limited and his opportunity to obtain 
variety in his diet has been greatly restricted. As a result of the larger 
food demands thus created and the artificial conditions generally im- 
posed on his mode of life, it probably is the exception rather than the 
rule when the modem hog does not suffer some form of nutritional 
disturbance at some time during his life. The animal’s dependence on 
man and the wide variety of food substances required for his nourish- 
ment have made it imperative for the present-day feeder to have a 

** L. J. Atkinson and John W. Klein, U.S.D.A. Tech. Bui. 917, 1946. 
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fairly clear understanding of his nutritional needs and of practical 
methods of meeting them. 

The food requirements of the growing and fattening pig may be 
enumerated briefly by grouping them in the following general classes; 
(a) energy and heat, (b) protein, (c) minerals, and (d) vitamins. 

Energy and heat. What might be called the first food demand of any 
animal is for substances which will furnish energy to run the body 
machine and heat to supply it with warmth. These requirements are 
met principally by the carbohydrates (starches) and fats of the ration, 
although the digested proteins ultimately yield about two-thirds of 
their energy. If more of these nutrients are given than ate necessary to 
supply the needed body energy, they may be stored up as body fat. It 
is the richness of com in carbohydrates or starches that makes it the 
supreme energy-furnishing or fattening teed. The demand for energy 
is the largest, quantitatively, of any of the food requirements, but as a 
result of the abundant supply of carbohydrates in all the cereal grains 
it is exceptional when the average home-grown ration, especially in the 
Corn Belt, does not supply an excess in proportion to the other classes 
of food material. 

Maintenance requirements. A considerable proportion of the ration 
fed to the growing and fattening pig is required for maintenance; only 
that part which is supplied beyond this need is available for gains. 
Extensive chemical studies by Mitchell and Hamilton of the Illinois 
Station have furnished the facts which confirm the old rule that 
approximately 1 pound of feed daily per 100 pounds live weight is 
required to maintain the pig at a constant weight. Mitchell and Hamil' 
ton determined that this rule applied equally well to young pigs weigh- 
ing from 50 to 70 pounds and to fat pigs weighing 225 pounds, and 
pointed out, however, that when young pigs are fed a ration which 
keeps them at a constant weight, they are not in a state of real main- 
tenance or equilibrium. The growth impulse is so strong in the young 
animal that with so-called maintenance or submaintenance rations the 
pig continues to grow in height and to shrink in thickness. In this situ- 
ation he gains in body protein, ash, and water, and loses an equivalent 
weight of body fat. To maintain energy equilibrium these authors dc 
termined that the young pig weighing 50 to 70 pounds requires 
1.50 pounds of feed daily per 100 pounds live weight, while for o! cr 
pigs weighing 225 pounds or more the requirement is 0.95 to !• 
pounds. 

'*11. U. MiuhcU and T. S. Hamilton, Bui. 323, 1939. 
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The energy required for maintenance increases as the temperature 
is lowered below a certain point, called the critical temperature. 
Wood has estimated that this is about 20°C, or 68 °F, for the pig fed 
a maintenance ration, and 43 °F when fed a normal growing ration. 
Below this critical point a lowering of the temperature will mean an 
increase in the oxidations required to sustain the body temperature at 
normal. The economy with which the growing and fattening pig uses 
his food will consequently not be affected by the weather, except as it 
may influence feed consumption, unless the temperature of the pig’s 
environment falls below this point. It is important also to know that 
those classes of hogs fed but little more than maintenance rations natu- 
rally will suffer sooner from cold than those fed heavier rations. 

Certain fat compounds are essential. Although the energy needs of 
the pig can be satisfied by carbohydrates alone, these needs are more 
efficiently met by supplying some fat along with the carbohydrates. 
Fats are 214 times richer in energy than carbohydrates, but the in- 
creased efficiency resulting from a combination of the two appears to 
be greater than can be accounted for by the more concentrated energy 
supply.17 Fat is important in the ration also because it serves as a 
carrier of the fat-soluble vitamins. 

In two experiments at the Indiana Station, Witz and Beeson 
studied the physiological effects of a low-fat diet on the pig. One pig 
of each of the four pairs in each experiment was hand-fed a practically 
fat-free synthetic diet (in Experiment I it contained 0.12 percent of 
ether extractable material, and in Experiment II 0.06 percent), while 
their litter-mate pairs were fed the same diet with 5 per cent of lard 
added. The trials began soon after the pigs were weaned and continued 
for periods of 56 and 77 days, respectively. 

On both the practically fat-free diets the authors reported the de- 
velopment of the following external fat-deficiency symptoms: “A 
scaley dandruff-like dermatitis on the tail, back and shoulders; loss of 
hair; a brown gummy exudate on the belly and sides; necrotic areas 
on the skin around the neck and shoulders; and an unthrifty appear- 
ance. The addition of 1.5 percent of corn oil to the diet of the pigs 
receiving the low-fat rations caused some recovery from these symp- 
toms in three weeks of treatment.” 

**T. B. Wood, Animal Nutriiion, 2nd ed., Unnersity Tutorial Press. Ltd , London. 
1927. 

"Leonard A. Maynard. Antwnl SutrUion. 2nd cJ.. NfcGraw-HiIl Book Company. 

Inc., New York. 1947. p. 78. 

"W. M. Witz and W. M. Beeson. Journal Paper No 4f>4, 1950. 




Fig. 34. Showing the effects of a low-fat (0.06 ‘tail'^fcoiirlcs)'’ 

diet. -Note ioss of hair, scaiy dandruff, espec.aliy on feet and 
Dr. }V. M. Beeson, Ind. Exp. S/a.; photo by Allen), 

The pigs restricted to the practically fat-free ^“e”°gaijs 

(0.06 percent ether extract) made highly sigmfican y ^ 

than those fed the ration conntaining 5 percent of fat. a “ ' 

1.5 percent of corn oil to the fat-free diet resulted >" an immed 
crease in growth rate. In Experiment I, the pigs J j n,ade 

practically fat-free diet containing 0.12 percent of either extract^ 
practically as rapid gains as their PaiKd litter-mates on h .,p. 

mining 5 percent of.fat. In neither experiment was the feed 
tion greatly aliccted'by the amount of fat in the diet. 

The pigs which received practically no fat m their h 
developed digestive organs and small gall bladders. _ 
was retarded in the case of the pigs receiving the fat-tree 

^ According to Maynard’s review of the fa<‘y 

portance of fat in the diet is to be attributed to th > 

Lids, linoleic, linolenic, and arachidonic, which a ^^ 5 j.nce on 
along with the other fats. Judging by the ° oceson, 

laboratory animals and the recent experiments o ‘ 

they should be regarded as necessary in the ration of the pig- 
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these unsaturated fatty acids cannot be synthesized in the animal body 
from the carbohydrates or saturated fats, they merit the designation 
of essential fatty acids. 

The ordinary ration with a fat content of 2 percent or more probably 
supplies these essential fats in abundance. Most animal fats and the 
oil of the soybean, cottonseed, and peanut are reported to be especially 
rich in them. 

Protein requirements. The animal also requires a constant supply of 
protein or nitrogenous material to meet his daily needs. Food protein 
is necessary for the growth of muscle and other protein tissues, such 
as the vital organs and the bones, and for their repair. None of the 
other food constituents can perform this function. To meet the needs 
of the' growing and fattening pig one part of protein is required in the 
ration to five to eight parts of carbohydrates or equivalent. The 
younger the pig the greater are his demands for protein; with advanc- 
ing age the demands for fat production, supplied mainly by the carbo- 
hydrates of the ration, assume increasing importance. Since the cereal 
grains are deficient in protein, resort must be made to specially grown 
crops or to the purchase of protein supplements on the market in order 
to have rations that are balanced in these two classes of food con- 
stituents. 

A fact of considerable practical importance that should be noted 
here is that the protein supply must be continuous. Unlike some of the 
other food constituents, such as the minerals and most of the vitamins, 
protein cannot be stored up as a body reserve to be available later to 
supplement a deficient supply in the ration. 

Recommended protein allowances. A fairly liberal supply of protein 
must be fed if the pigs are to remain thrifty, make efficient use of their 
rations, and gain rapidly. The amount required at the various stages 
of development has been the subject of numerous and e.xtensivc experi- 
mental studies. Unfortunately, however, because of ditlerences in the 
quality of the proteins fed, a lack of knowledge concerning its digesti- 
bility in different feeds and combinations, and as a result of the con- 
flicting effects of vitamins and other unknown food factors at the time, 
the results have been such that exact amounts, in terms either of 
digestible or crude protein, cannot be stated. For all practical pur- 
poses, however, the recommended allowances, as given in Table 42, 
are believed to approximate the actual requirements sufficiently closely 
to make them valuable as general guides. 
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Table 42. Recommended Protein Allowances for Growing and 
Fattening Pigs 



30-50 

50-200 

200-250 

JS0~20t) 200-250 250-300 

ojPig 

lb. 

lb. 

lb. 

lb. 

Ib. - 

lb. 

Percentage Crude 







Protein, in Dry 

Lot 

21-19 

18-16 

15-14 

14-13 

13-12 

12-10 

Percentage Crude 







Protein, on. Good 
Legume Forage 

18-16 

15-13 

13-11 

11-10 

10- 9 

9 

Percentage Crude 







Protein, on Non- 
legume Forage 

20-18 

17-15 

15-13 

13-11 

11-10 

10 


The figures represent percentages of the air-dry ration. In arriving 
at these estimates, which are in fact compromises, consideration was 
given especially to Morrison’s recommendations,*" the results of 
studies by Keith, Miller, and McCarty of the Pennsylvania Station,*" 
and to the allowances suggested in the report of a committee of the 
National Research Council.** 

Since feeds which are high in their protein content are scarce and 
expensive compared with corn and other cereals, as in the Com Belt, 
rations containing less than the recommended amounts will often be 
more economical. For most efficient production, however, it rarely 
would be advisable to feed less than the minimums suggested. In 
practice the proportion of protein concentrates should be modified 
at least twice, unless the supplement is fed free-choice, namely, when 
the pigs reach the weight of about 75 pounds and again at a weight of 
about 150 pounds. 

Protein content of common feeds. It will be informing to observe at 
this time the amounts of protein compared to the carbohydrates and 
fats contained in the different classes of common swine feeds, as 
shown in Tabic 43. 

Corn and other cereals, it is to be noted by the table, arc as a class 
very low in their content of protein. This, with their high content of 
carbohydrates and fats, gives them rather wide nutritive ratios. Coni 
especially is ovcrabundanlly supplied with the fattening constituents 


i, p_ 0 . Morrison, Fcedt uttd FcfJijtg, 2Ist cU., Ttie Morrison I'ubiistnnfi * 
rthnen N. Y. AprmnJit, Table III, IWS. , 

”t'd. Ivcilli. H. ti. Miller, and M, A. McCarty, llnl. 401 and 407, 

“Prepared by E. H- Hu^ies, iZ. W. Cramplon, N. R. Ellis, and W. .'1* t*e 
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Table 43. The Protein Content of Swine Feeds 22 


Feeds 

Mois- 

ture 

Carbohydrates 

Nitrogen- 

Crude free Crude 
Protein Extract Fiber 

Fats 

Nutri- 
tive 
Ratio ® 


% 

% 

% 

% 

% 

1: 

Cereal grains: 

Corn, No. 2 

15.0 

8.6 

69.3 

2.0 

3.9 

11.1 

Wheat 

10.5 

13.2 

69.9 

2.6 

1.9 

6.2 

Barley 

10.2 

8.7 

70.9 

5.7 

. 1.9 

10.4 

Oats 

9.8 

12.0 

58.6 

11.0 

4.6 

6.5 

Rye 

10.5 

12.6 

70.9 

2.4 

1.7 

6.6 

Kafir 

10.2 

10.9 

72.7 

1.7 

2.9 

8.3 

Plant supplements: 

S. wheat middlings 

10.4 

18.1 

55.8 

6.5 

4.8 

4.1 

Flour middlings 

10.8 

18.3 

59.8 

3.8 

4.2 

3.9 

Wheat bran 

9.9 

16.9 

52.9 

9.6 

4.6 

3.9 

Soybeans 

10.0 

37.9 

24.5 

5.0 

18.0 

1.6 

Soybean oil meal 

8.8 

44.6 

29.4 

5.8 

5.3 

1.1 

Linseed oil meal 

9.0 

35.0 

36.4 

8.3 

5.7 

1.5 

Cottonseed meal 

7.3 

43.9 

26.3 

9.0 

7.1 

1.1 

Animal supplements: 

Whole cow’s milk 

87.2 

3.5 

4.9 

0.0 

3.7 

3.9 

Skimmilk 

90.5 

3.6 

5.1 

0.0 

0.1 

1.6 

Buttermilk 

90.6 

3.5 

4.5 

0.0 

0.6 

1.8 

Whey (skimmed) 

93.4 

0.9 

5.0 

0.0 

0.0 

6.4 

Condensed buttermilk 

70.3 

10.9 

12.6 

0.0 

2.2 

1.7 

Tankage or meat meal 

6.9 

60.6 

1.8 

2.0 

8.5 

0.3 

Meat scraps 

6.2 

60.9 

1.1 

2.4 

8.8 

0.4 

Meat and bone scraps 

6.1 

51.0 

1,6 

2.1 

lO.I 

0.5 

Fishmeal, menhaden 

6.4 

62.2 

4.2 

0.7 

8.5 

0.4 

Bloodmeal 

8.2 

84.5 

0.7 

1.0 

l.I 

0.02 

Legumes: 

Alfalfa hay 

9.5 

14.8 

36.6 

28,9 

2.0 

3.8 

Alfalfa hay, very leafy 

9.5 

17.2 

39.4 

22.6 

2,6 

3.2 

Alfalfa leaf meal 

7.7 

21.2 

39.7 

16.6 

2.8 

2.5 

Red clover hay 

11.9 

11.8 

40.1 

27.2 

2,6 

6.4 

Ladino clover hay 

12.0 

19.4 

34.9 

20.7 

3.2 

2.9 

Soybean hay 

12.0 

14.4 

35.8 

27.5 

3.3 

4,1 

Soybean straw 

11.2 

4.0 

37_5 

41.1 

LI 

31.1 

Cowpea hay 

9.6 

18.6 

34.6 

23.3 

2.6 

3.2 

Alfalfa foraee. before 

bloom 

80.2 

4.1 

8.3 

4.6 

0.7 

2.8 

Red clover, before bloom 

81.3 

4.3 

9.2 

2.6 

0.6 

3.2 

Ladino clover, forage 

83.7 

4.4 

7.1 

2.2 

0.4 

2.1 


* The nutritive ratio is the ratio of the digestible protein, taken as unity, to the 
digestible nonprotein organic nutrients. The latter is called the carbohyaratc 
equivalent and is obtained by multiplying the digestible fat by 2.25 and adding the 
product to the digestible carbohydrates. Owing to the limited information concern- 
ing the digestibility of feeds by swine, it is the more common practice now to express 
the protein content as a percentage of the air-diy feed or ration. 


”F. B. Morrison. Feeds and Feeding. 21st cd.. Appendix. Table I. 1948. 
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(carbohydrates and fats) and underprovided with the growth-pro- 
moting materials (protein). At no stage in the pig’s development can 
his demand for protein be satisfied by com alone. 

Compared with the cereal grains, the commercial feeds, grouped in 
the table as plant and animal supplements, are relatively high in their 
content of protein. So also are the legumes. One of the principal 
reasons why a supplement must be fed along with corn or other 
cereal to growing and fattening pigs is because without it the protein 
needs would be unsatisfied and growth stunted. 

The legumes as a class are richer in protein than the grains. Al- 
though the digestive capacity of the pig is too limited to make it possi- 
ble for him to consume any considerable amount of these feeds either 
as green forage or hay, the small amount of dry matter which he can 
take in this form may contribute materially to the protein supply- 
Especially is this true when a limited grain ration is fed on forage. 
When running on good legume forage, the protein needs of the pig 
will be satisfied by feeding in the dry ration from three-fourths to two- 
thirds the amount which would be advisable under dry-lot conditions 
(see page 164). 

Quality of the protein is important. It should be emphasized at this 
point that in order to be efficient the protein supply must be of a cer- 
tain kind or quality. The protein tissues of the growing pig are made up 
of various combinations of 20 or more separate nitrogen-containing 
constituents called amino acids. These amino acids are the “building- 
stones” with which the animal constructs the tissues of growth. Each 
tissue has a special architecture, as it were, and requires these build- 
ing stones in certain definite proportions. In the process of digestion 
the proteins of the ration are broken down into their amino acid con- 
stituents and are absorbed and transported to the growing cells as sucli. 
If the protein supplied contains all of these amino acids in the variety 
and proportions needed for growth or replacement purposes, it ma> 
be regarded as superior in quality, or complete, while, on the other 
hand, if certain of the amino acids are limited or entirely niissingi 4 
is inferior in quality. 

The proteins of milk, meat, and eggs arc more eflicient thnn ari- 
those of the cereal grains because of dilTercnccs in their amino aci 
make-up. Although the animal is known to be capable of conslrucun^ 
some of these amino acids from the general protein supply and hence 
is not dependent on the feed to provide them ready-made, it is kiioi'n- 
on the other hand, that certain other amino acids cannot be s)nt le 



FOOD DEMANDS OF THE GROOVING PIG 


167 


sized. These are the so-called essential amino acids. Judging from the 
requirements of similar species, the number of these in the case of 
growing pigs is probably 10, although experimental evidence is lacking 



Fii;. 35. The amino acid Ijsinc is c^^cnIi.ll in Ihc did of the pig (louncw. 
Dr. IF. 3/. Ilrcsoii, hut. Avr. Dxp. Sui.). 

Upper: This pig, fed 2 pcrccnl D.L.-l>s>nc. HCL, plus the IjMnc-dcficicnt 
r.iUon, g.iincd 25 pounds in 28 da>s. 

Lo\mt: This pig. fed the l>sinc*dcncicnt ration alone, lost 2 pounds m .8 
da>s. 
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for all excepting two, tryptophane and lysine. Recently these have been 
shown to be indispensable in the diet of the pig by Beeson and asso- 
ciates of the Indiana Station.-^ 

What is most significant is the fact that the amino acids known to 
be indispensable in the feed supply are the particular ones which are 
found in most meager amounts in the cereal grains. It is possible that 
one of the reasons why skim milk and tankage ate more efficient as 
balancers of com than are the plant supplements like linseed oil meal 
and shorts is because their proteins carry a large proportion of these 
particular amino acids. These facts are of considerable importance to 
the practical feeder because they suggest the need of discrimination 
in the selection of protein feeds and the possibility of securing even 
greater biologic efficiency by feeding a combination of two or more 
feeds than can be obtained by one. It is important to note here the 
fact that all the essential amino acids must be present in the body 
simultaneously before synthesis or growth can occur.^"* 

Animal and plant supplements compared. Protein supplements of 
animal origin are more efficient for balancing corn and the other 
cereals than are those of plant origin, but much, perhaps most, of the 
difference in efficiency is due to other factors than the quality of tit® 
proteins. Animal supplements, such as tankage, fish meal, and the milk 
products contain large supplies of minerals, especially calcium, and 
certain important vitamins belonging to the B-complex group, which 
the plant supplements lack, Mitchell of the Illinois Station ““ says that 
no general statement can be made concerning the proportions of the 
essential amino acids that will sharply distinguish one group of pro- 
teins from the other. However, he recommends that when plant ptotem 
feeds are substituted for animal protein feeds, the protein content o 
the ration be raised one-fourth to allow for less efficient utilization, 
even when adequate supplies of minerals and vitamins are provided. 

Slincral demands. At least 13 mineral elements arc known to bv 


esscntial to animal life. These arc sodium, potassium, calcium, magac 
slum, manganese, iron, copper, cobalt, xinc, phosphorus, chlonoc. 
iodine, and fluorine. Although they arc required in rather minutv 
amounts, compared with the proteins and carbohydrates, they edo 
stitutc nevertheless an indispensable part of every complete ralioo- 


“ \V. M. Bicson, E. T, NTcrtz, and D. C. ShcUon, Science, Vol. 107, p. ^ 

E. T. Mertz, D. C. Shelton, and W. M. 0ccson, Jr, An. Sci., Vol. 8, No. d. 

'**E. Geiger, Jr. of Vol. 36, No. 6. Dec., 1948. . ^ jj?, 

“H. H. MalchcJl, National Ucscarcb Council, Reprint and Circular Senes * 

May, 
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That part of a feed stuff which is left after complete burning, the ash, 
contains most of these minerals. They are essential components of all 
the secretions, liquids, and tissues of the animal body, and are neces- 
sary for the support of all the vital processes. Their most obvious use 
is for the growth of the skeleton or bony framework. About / 8 percent 
of all the ash or mineral matter of the animal body is found in the 
bones and these are composed mainly of calcium and phosphorus.^® 

An adequate daily supply of minerals is needed by the pig in the 
interests of health and thrift. If for any reason there is a deficiency in 
the supply of any one of them for a period long enough for the body 
reserves to become exhausted, serious nutritional disturbances pro- 
gressively expressed in a lack of thrift, depraved appetite, scurfy skin, 
stiffness, muscular incoordination, rachitis, posterior paralysis, and 
death, may result. Anemia and goiter (hairlessness) are diseases in 
the young pig known to be the result respectively of iron and iodine 
deficiencies. Fortunately, most of the mineral elements are supplied 
in adequate amounts by good rations. In the case of common salt and 
calcium, however, the supply is often insufficient, especially when 
range is limited and cereal grains and their by-products constitute the 
ration. Under special conditions, the supply of phosphorus, iron, and 
iodine also are limiting factors. 

Trace minerals. The need for the so-called trace mineral elements, 
such as iron, copper, cobalt, zinc, magnesium, manganese, and sul- 
phur, as contained in most commercial mineral mixtures, beyond the 
quantity normally supplied in good rations and a simple mineral mix- 
ture, is doubtful. On the basis of experimental evidence, there would 
appear to be no justification for their use except in specialized areas 
where, because of peculiar or depleted soil conditions, the need for 
one or more of them has been demonstrated. The quantitative require- 
ments of the pig for these several trace elements have not yet been 
determined. 

Fluorine deserves some attention in swine feeding because large 
doses are poisonous. The only situation, however, where there is any 
likelihood of an oversupply is when rock phosphate is used as a car- 
rier of calcium and phosphorus in the mineral mixture. A regulation 
of the American Feed Control Officials slates that the fluorine content 
of a mineral or mineral mLxturc for swine shall not exceed 0.45 per- 
cent. 

“La., and Gilbert da.a in ArmAj's .Vwr.nn,. ../ / ae-n .Innna.'.. Tl.e Ma-nnllan 
Co., New YofL, 1917, p. 62. 
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Mineral feeding standards. It is not known precisely just what quan- 
tity of each of the several minerals is required for the growmg W 
T^re arc several reasons why a statement of exact standards is diffi- 
cult rE not impossible. In the case of calcium, for example, the amount 
which is satisfactory for a moderate rate of growth might not be ade- 
quate when growth is pushed at a maximum rate by the full feeding o 
protein-rich rations. Again, the efficiency with which a given supply 
is used or the proportion retained in the body, is mfluence 
siderably by the age of the pig, the amount of sunshine in his environ- 
ment the supply of vitamin D, the calcium-phosphorus ratio, an 
possibly also by the amount and proportion of certain other mmerai 

elements in the ration. • ^ , . . 

Another fact which makes difficult an accurate determmation ot tne 
critical lower limits in the supply is that the large amount of minera 
reserves contained in the bones enables the pig to survive a “nsiuer 
able period of mineral-deficient feeding, especially of calcium, wi 
out showing any symptoms of malnutrition. The phosplmrus o 
skeleton, however, unlike the calcium, is not readily available tor t 
during a period of phosphorus-deficient feeding. What is true o 
cium is true also of most of the other mineral elements, although pr 
ably to a lesser extent. The difficulty of suiting the ration to the n"®® 
needs of the pig is further complicated by a lack of full informa 
concerning the mineral content of feeds and the variations whic r 
from differences in fertility and water content of the soils w ic 
duced them. . . . 

The mineral requirements of the growing and fattening pig 
been extensively investigated by many scientists and researc 
tions here and abroad. These studies, together with the practica 
ing tests which have been carried out by the experiment stations, _ 
provided the basis for the recommendations made below for t e^^ 
minerals of greatest economic importance. The percentages ate 
air-dry feed or ration. 

Calcium (Ca) 0.30 to O.fiO percent . 

Phosphorus (P) 0.25 to 0.50 ^ 

Common salt (NaCl) 0.25 to 0.40 

The above estimates arc sufficiently broad, it is j'jun- 

a reasonable margin of safety when the supply of vitamin 
shine is adequate. Tlte larger amounts "f 'r^cquiro- 

pigs, and the smaller for those more mature. Since the calc 
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Mineral {ceding standards. It is not known precisely just what quan- 
tity o£ each o£ the several minerals is required for the growing pig. 
There are several reasons why a statement of exact standards is diffi- 
cult, if not impossible. In the case of calcium, for example, the amount 
which is satisfactory for a moderate rate of growth might not be ade- 
quate when growth is pushed at a maximum rate by the full feeding of 
protein-rich rations. Again, the efficiency with which a given supply 
is used, or the proportion retained in the body, is influenced con- 
siderably by the age of the pig, the amount of sunshine in his environ- 
ment, the supply of vitamin D, the calcium-phosphorus ratio, and 
possibly also by the amount and proportion of certain other mineral 
elements in the ration. 

Another fact which makes difficult an accurate determination of the 
critical lower limits in the supply is that the large amount of mineral 
reserves contained in the bones enables the pig to survive a consider- 
able period of mineral-deficient feeding, especially of calcium, with- 
out showing any symptoms of malnutrition. The phosphorus of the 
skeleton, however, unlike the calcium, is not readUy available for relief 
during a period of phosphorus-deficient feeding. What is true of cal- 
cium is true also of most of the other mineral elements, although prob- 
ably to a lesser extent. The difficulty of suiting the ration to the mineral 
needs of the pig is further complicated by a lack of full information 
concerning the mineral content of feeds and the variations which result 
from differences in fertility and water content of the soils which pro- 
duced them. 

The mineral requirements of the growing and fattening pig have 
been extensively investigated by many scientists and research institu- 
tions here and abroad. These studies, together with the practical feed- 
ing tests which have been carried out by the experiment stations, have 
provided the basis for the recommendations made below for the three 
minerals of greatest economic importance. The percentages are of the 
air-dry feed or ration. 

Calcium (Ca) 0.30 to 0.60 percent 

Phosphorus (P) 0.25 to 0.50 “ 

Common salt (NaCI) 0.25 to 0.40 “ 

The above estimates arc sufficiently broad, it is believed, to ensure 
a reasonable margin of safety when the supply of vitamin D and sun- 
shine is adequate. The larger amounts arc recommended for young 
pigs, and the smaller for those more mature. Since the calcium require- 
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Mineral feeding standards. It is not known precisely just what quan- 
tity of each of the several minerals is required for the growing pig. 
There are several reasons why a statement of exact standards is diffi- 
cult, if not impossible. In the case of calcium, for example, the amount 
which is satisfactory for a moderate rate of growth might not be ade- 
quate when growth is pushed at a maximum rate by the full feeding of 
protein-rich rations. Again, the efficiency with which a given supply 
is used, or the proportion retained in the body, is influenced con- 
siderably by the age of the pig, the amount of sunshine in his environ- 
ment, the supply of vitamin D, the calcium-phosphorus ratio, and 
possibly also by the amount and proportion of certain other mineral 
elements in the ration. 

Another fact which makes difficult an accurate determination of the 
critical lower limits in the supply is that the large amount of mineral 
reserves contained in the bones enables the pig to survive a consider- 
able period of mineral-deficient feeding, especially of calcium, with- 
out showing any symptoms of malnutrition. The phosphorus of the 
skeleton, however, unlike the calcium, is not readily available for relief 
during a period of phosphorus-deficient feeding. What is true of cal- 
cium is true also of most of the other mineral elements, although prob- 
ably to a lesser extent. The difficulty of suiting the ration to the mineral 
needs of the pig is further complicated by a lack of full information 
concerning the mineral content of feeds and the variations which result 
from differences in fertility and water content of the soils which pro- 
duced them. 

The mineral requirements of the growing and fattening pig have 
been extensively investigated by many scientists and research institu- 
tions here and abroad. These studies, together with the practical feed- 
ing tests which have been carried out by the experiment stations, have 
provided the basis for the recommendations made below for the three 
minerals of greatest economic importance. The percentages are of the 
air-dry feed or ration. 

Calcium (Ca} 0.30 (o 0.60 percent , 

Phosphorus (P) 0.25 to 0.50 “ 

Common salt (NaCl) 0.25 to 0.40 “ 

The above estimates arc suflTicicntly broad, it is believed, to ensure 
a reasonable margin of safety when the supply of vitamin D and sun- 
shine is adequate. The larger amounts arc recommended for young 
pigs, and the smaller for those more mature. Since the calcium require- 
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ments arc reduced with advancing age at a much more rapid rate than 
are the phosphorus needs, the calcium-phosphorus ratio may appro- 
priately be about 1:1 for mature hogs. It should be noted, however, 
in the case of pregnant gilts and sows, that the calcium needs increase 
with advancing gestation at a more rapid rate than do the phosphorus 
requirements. The change in the calcium-pliospliorus ratio is tlius in 
reverse of that which occurs during growth.-' 

The mineral content of feeds. The mineral elements most likely to be 
found in insufficient amounts in rations for pigs arc calcium, phos- 
phorus, sodium, and chlorine. The percentages of these in the com- 
mon swine feeds are shown in Table 44. Most of these figures are taken 
from Bulletin 99 of the National Research Council, 1937, prepared 
by H. H. Mitchell and F. J. McClure; those indicated with asterisks 
are .from Indiana Experiment Station Circular 351, April, 1949'. 

A general inspection of the figures shown in Table 44 will reveal 
some important facts. In the case of the cereal grains it is to be noted 
that they all are extremely low in all these mineral elements, particu- 
larly in calcium and salt. Although also low in phosphorus, they con- 
tain from 3 to 25 times as much of this element as of calcium. The 
protein supplements of plant origin also are to be regarded as seriously 
deficient in calcium and salt but relatively rich in phosphorus. On the 
other hand, the meat and fish by-products, caused principally by their 
high bone content, are abundantly supplied with both calcium and 
phosphorus. Also, the salt content of these feeds is considerably higher 
than in the cereals or their products. Skim milk and also buttermilk 
are fairly high in aU these minerals, and with a well-balanced ratio 
between the calcium and phosphorus. 

In marked contrast with the cereals and their products, the legume 
hays are especially rich in calcium while being relatively low in phos- 
phorus. Green forages are known to be even richer in these elements, 
on the dry-matter basis, than the hays. The figures showing the cal- 
cium and phosphorus content of the common mineral sources will be 
useful in calculating the content of these elements in rations and 
simple mineral mixtures. The simple mineral mixture of two parts 
steamed bone meal, two parts limestone dust, and one part common 
salt contains approximately 27.4 percent of calcium, 5.4 percent of 
phosphorus, and 20 percent of salt. 

The need for a mineral supplement when any of the cereal grains 
IS balanced with a protein supplement of plant origin is obvious. Bat 

"IL H. Miichcll, Jr, An. Sci.. VoL 6. No. 4. Nov.. 1947. 
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Mineral feeding standards. It is not known precisely just what quan- 
tity of each of the several minerals is required for the growing pig. 
There are several reasons why a statement of exact standards is diffi- 
cult, if not impossible. In the case of calcium, for example, the amount 
which is satisfactory for a moderate rate of growth might not be ade- 
quate when growth is pushed at a maximum rate by the fuU feeding of 
protein-rich rations. Again, the efficiency with which a given supply 
is used, or the proportion retained in the body, is influenced con- 
siderably by the age of the pig, the amount of sunshine in his environ- 
ment, the supply of vitamin D, the calcium-phosphorus ratio, and 
possibly also by the amount and proportion of certain other mineral 
elements in the ration. 

Another fact which makes difficult an accurate determination of the 
critical lower limits in the supply is that the large amount of mineral 
reserves contained in the bones enables the pig to survive a consider- 
able period of mineral-deficient feeding, especially of calcium, with- 
out showing any symptoms of malnutrition. The phosphorus of the 
skeleton, however, unlike the calcium, is not readily available for relief 
during a period of phosphorus-deficient feeding. What is true of cal- 
cium is true also of most of the other mineral elements, although prob- 
ably to a lesser extent. The difficulty of suiting the ration to the mineral 
needs of the pig is further complicated by a lack of full information 
concerning the mineral content of feeds and the variations which result 
from differences in fertility and water content of the soils which pro- 
duced them. 

The mineral requirements of the growing and fattening pig have 
been extensively investigated by many scientists and research institu- 
tions here and abroad. These studies, together with the practical feed- 
ing tests which have been carried out by the experiment stations, have 
provided the basis for the recommendations made below for the three 
minerals of greatest economic importance. The percentages arc of the 
air-dry feed or ration. 

Calcium (Ca) 0.30 to 0,60 percent 

Phosphorus (P) 0.25 to 0.50 “ 

Common salt (NaCl) 0.25 to 0.40 “ 

The above estimates are sufficiently broad, it is believed, to ensure 
a reasonable margin of safely when the supply of vitamin D and sun- 
shine is adequate. The larger amounts are recommended for young 
pigs, and the smaller for those more mature. Since the calcium require- 
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ments are reduced with advancing age at a much more rapid rate than 
are the phosphorus needs, the calcium-phosphorus ratio may appro- 
priately be about 1:1 for mature hogs. It should be noted, however, 
in the case of pregnant gilts and sows, that the calcium needs increase 
with advancing gestation at a more rapid rate than do the phosphorus 
requirements. The change in the calcium-phosphorus ratio is thus in 
reverse of that which occurs during growth.^^ 

The mineral content of feeds. The mineral elements most likely to be 
found in insufficient amounts in rations for pigs are calcium, phos- 
phorus, sodium, and chlorine. The percentages of these in the com- 
mon swine feeds are shown in Table 44. Most of these figures are taken 
from Bulletin 99 of the National Research Council, 1937, prepared 
by H. H. Mitchell and F. J. McClure; those indicated with asterisks 
are from Indiana Experiment Station Circular 351, April, 1949'. 

A general inspection of the figures shown in Table 44 will reveal 
some important facts. In the case of the cereal grains it is to be noted 
that they all are extremely low in all these mineral elements, particu- 
larly in calcium and salt. Although also low in phosphorus, they con- 
tain from 3 to 25 times as much of this element as of calcium. The 
protein supplements of plant origin also are to be regarded as seriously 
deficient in calcium and salt but relatively rich in phosphorus. On the 
other hand, the meat and fish by-products, caused principally by their 
high bone content, are abundantly supplied with both calcium and 
phosphorus. Also, the salt content of these feeds is considerably higher 
than in the cereals or their products. Skim milk and also buttermilk 
arc fairly high in all these minerals, and with a well-balanced ratio 
between the calcium and phosphorus. 

In marked contrast with the cereals and their products, the legume 
hays are especially rich in calcium while being relatively low in phos- 
phorus. Green forages are known to be even richer in these elements, 
on the dry-matter basis, than the hays. The figures showing the cal- 
cium and phosphorus content of the common mineral sources will be 
useful in calculating the content of these elements in rations and 
simple mineral mixtures. The simple mineral mi.xture of two parts 
steamed bone meal, two parts limestone dust, and one part common 
salt contains approximately 27.4 percent of calcium, 5.4 percent of 
phosphorus, and 20 percent of salt. 

!>.; need for a mineral supplement when any of the cereal grains 
IS l-sl-need with a protein supplement of plant origin Is obsious. Bat 

IL it Jr % wi. 6, Nj. 4, 1^7 
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Tabic 44. Essential ISliacrals in Common Swine Feeds 


Minerals on Dry-matter Basis 


Feed 

Ash 

Cal- 

cium 

Phos- 

phorus 

Sodium 

Chlorine 


% 

% 

% 

% 

% 

Cereal grains; 

Corn 

1.23 

0.01 

0.29 

0.02 

0.04 

Wheat 

1.64 

0.06 

0.42 

0.03 

0.09 

Oats 

2.70 

0.12 

0.41 

0.13 

0.14 

Barley 

2.39 

0.07 

0.41 

0.08 

0.17 

Plant supplements; 

Linseed meal 

5.82 

0.39 

0.92 

0.10 

0.44 

Soybean oil meal 

5.79 

0.27 

0.68 



Cottonseed meal 

6.02 

0.21 

1.20 

0.05 

0.03 

Com gluten feed 

4.55 

o.n 

0.S5 

1.03 

0.22 

Wheat middlings 

3.86 

0.10 

1.00 

O.ll 

0.04 

Red dog flour 

2.)G 

0.05 

0.57 



Wheat bran 

5.06 

O.IO 

1.26 

0.04 

0.04 

Rice polish 

7.13 

0.03 

1.68 

0.12 

0.15 

Animat supplements: 

Meat meal 

15.4 

3.30 

1.79 

1.83 

2.69 ‘ 

Fishmeal, white 

17.6 

6.64 

3.46 

1.58 

1.65 

Tankage, 6Q% protein 

22.1 

7.60 

3.99 



Tankage, 50% protein 

28.3 

11.70 

5.15 



Blood flour 

3.04 

0.44 

0.24 

0.42 

0.32 

Cow’s milk 

0.76 

0.90 

0.77 

0.52 

0.86 

Skim milk 

0.69 

1.33 

0.98 

0.49 

0.,95 

Legume hays: 


7v7Q 

U63 

0.22 

Q.IQ 

Qv22 

Alfalfa leaves 

13.60 

3.77 

0.29 

0.11 

0.54 

Red clover 

6.72 

1.09 

0.14 

0.03 

0.05 

Soybean 

7.67 

1.38 

0.24 

0.14 

0.08 

Vetch 

6.17 

0.80 

0.25 



Minerals: 


63.30 

24.10 

11.40 

0.55 

0.04 


83.60 

31.00 

14.40 

0.48 

0.06 

Bone black * 


23.00 

11.50 



Defluorinated phos- 

phate * 


24.00 

13.00 



Dicalcium phosphate * 


22.88 

17.48 



Superphosphate, 20% * 


17.88 

8.74 



Limestone (95% 

CaCo,) » 


38.00 


* • • 


Oyster shells (95% 

CaCOj) ♦ 






Gypsum * 


25.00 

21.45 




Wood ashes * 

Common salt 



39.37 

60.63 
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■when such a ration has added to it the simple mixture of two parts 
steamed bone meal, two parts ground limestone, and one part common 
salt, in an amount to represent percent of the ration, the supply 
of calcium and phosphorus will be adequate, A ration like 90 parts 
corn and 10 parts tankage contains sufficient calcium and phosphorus, 
and probably also of salt. Access to salt in a self-feeder, however, 
probably would be advisable in both these instances. When the pro- 
tein supplement is half animal and half plant in origin, the supply of 
calcium and phosphorus is above the minimum amounts recom- 
mended. The addition of alfalfa meal to a com — tankage — soybean- 
oil-meal ration, in an amount to equal 10 percent of the ration by 
weight, raises the calcium and phosphorus content practically to the 
maximum of the standard. When pigs have access to good forage and 
are receiving animal protein supplements there would seem to be no 
reason to anticipate any mineral shortage, except possibly of salt (see 
page 288). 

Vitamins are necessary. The number of vitamins known to be neces- 
sary for the support of some phase of animal life is now placed at 15. 
The chemical nature of most of these has been determined, and their 
functional effects on growth and reproduction in swine studied (see 
page 54), Except in the case of vitamin E, which is necessary for 
reproduction but not known to be essential for growth, those vitamins 
of practical importance in maintaining reproductive efficiency are the 
same as those which are required to support good growth. These are 
vitamins A and D and, under certain feeding conditions, also some of 
those belonging to the so-called B-compIe.x group, namely, thiamin, 
riboflavin, niacin, pantothenic acid, pyridoxine, choline, and B 12 . 
There also are certain unidentified food factors, probably of a vita- 
min nature, which are known to be essential for maximum perform- 
ance and which arc supplied in insufficient amounts by many so-called 
balanced rations. 

Vitamin A is necessary for the maintenance of health, growth, and 
reproduction. A deficiency in the supply of carotene (the plant pre- 
cursor which produces vitamin A in the animal body) results in slow 
growth, lameness, muscular incoordination, and, in the case of breed- 
ing animals, also in breeding failures, and weak and dead pigs (sec 
page 55). Ouing to the ability of the pig which is fed on a ration 
rich in this \iiamin to store up large body reser\es, it may be months 
Ivfore any of these symptoms of deficiency appear during a succeeding 
period of deficit feeding. 
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Vitamin D, known as the antirachitic or “sunshine” vitamin, is 
essential for normal growth, especially of the bones. A deficiency in the 
ration, particularly when available sunlight is limited or/and with a 
limited supply of calcium or phosphorus or an unnatural balance or 
ratio between them, interferes seriously with the mineral metabolism, 
resulting in lameness, swollen joints, lowered blood calcium, rachitis, 
and osteomalacia. The ability of the pig to establish in his body, useful 
body reserves of this vitamin is much more limited than in the case 
of vitamin A. 

It is fairly well established now, through the studies of E. H. Hughes 
and associates at the California Station, and others, that the vitamins 
included in the B-complex group are essential in the diet of the pig. 
Their practical importance to the hogman, however, is less well known, 
although there is accumulating experimental evidence suggesting that 
in many feeding situations they require special attention. 

The importance of vitamins to the practical feeder centers on the 
question of the likelihood of there being a deficiency in the supply of 
any one of them when good rations, made up of natural feeds, are fed; 
or/and whether or not the addition of an extra supply of one or more 
of them to a well-balanced ration will result in a boost to the rate and 
economy of the gains. Some experimental studies of these points are 
considered in the following chapter. 

Vitamin content of feeds. Information concerning the vitamin con- 
tent of feeds still is incomplete. In Table 45 is given the amount of 
carotene (Vitamin A) and most of the B-compIex vitamins contained 
in 1 pound of the air-dry feeds, so far as it is known. The data were 
supplied by the Committee on Feed Composition of the National Re- 
search Council, and assembled by the Sub-Committee on Swine 
Nutrition.-® 

The feed sources of vitamin A or carotene, it is to be noted, are 
quite restricted. Little, if any, is found in the cereal grains or any of 
their by-products, excepting yellow com; but all fresh green forage 
and choice hays are rich in it. Hay that has been cured under caps or 
artificially dried has many times the vitamin A value of hay that has 
been cured in the open. Hay that has been bleached or overexposed to 
the weather, or which has been long in the stack or mow, because of 
destructive oxidation by enzymes, will have its value seriously dc- 


" Recommended Nutrient AUonances for Snine, rc'iscj AubuU, IWO; preparej by 

E- H. Hushes, \v. M. Dccson, E. W. Crampton, anU N. R EJJuf. 
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Basis) 



Vitamins per Pound Feedstuff 

Feedstuffs 

Caro~ 

tene 

Thia- 

mine 

Ribo- 

flavin 

Niacin 

Panto- 

thenic 

Acid 


mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

Grain; 

Barley, excluding Pacific Coast 

0.09 

1.7 

0.8 

24.1 

3.7 

Barley, Pacific Coast 

0.09 

1.8 

0.6 

20.0 

3.3 

Corn (yellow) 

1.33 

1.7 

0.5 

9.8 

2.6 

Oats 

0.05 

2.9 

0.4 

8.2 

6.8 

Rye 

0.04 

2.0 

0.7 

7.1 

4.2 

Sorghum, kafir 

0.13 

1.6 

0.5 

18.3 

5.7 

Sorghum, milo 

0.08 

1.8 

0.4 

13.1 

5.0 

Wheat 

0.04 

2.3 

0.5 

28.8 

6.4 

Mill concentrates: 

Rice bran 


10.3 

1.4 

129.1 

10.3 

Rice polishings 


8.8 

0.9 

325.0 

5.5 

Wheat bran 

0.04 

3.9 

1.4 

63.5 

13.6 

Wheat standard middlings 

0.08 

5.8 

0.8 

44.3 

9.3 

Protein supplements (plant); 

Cottonseed meal (41%) 

0.09 

1.8 

2.5 

13.0 

4.4 

Linseed oil meal (33%) 

0.12 

3.9 

1.9 

18.9 

7.5 

Peanut oil meal (43%) 


3.3 

2.4 

77.5 

24.1 

Soybean oil meal (44% ) 

o.io 

0.8 

2.0 

16.7 

6.1 

Protein supplements (animal): 

Fish meal (63%) 


0.08 

4.3 

29.9 

4.0 

Meat and bone scraps (50% ) 



2.1 

21.4 

1.5 

Tankage, digester (60% ) 


0.i4 

1.2 

19.2 

1.2 

Skimmed milk, dried 


1.5 

10.0 

5.7 

16.0 

Meat scraps (meal 60% ) 


O.l 

2.5 

23.7 

2.3 

Miscellaneous: 

Alfalfa meal, sun cured 

( 209 - 0 ) 

48.0 


7.2 



Alfalfa meal, dehydrated 

(20%) 

60.0 

3.1 

7.4 

17.3 

18.5 

Bone meal, steamed 


1.0 

0.7 

2.0 

1.5 

Distillers’ dried solubles 


2.7 

5.2 

54.3 

8.9 

Molasses, beet 




22.0 


Ntolasses, cane 


0.4 

V.i 

20.9 

l’7.9 

Whey, dried 


1.8 


5.1 

22.4 


plctcd. The greenness of hay is a practical and reliable measure of its 
carotene content or vitamin A value. 

Concerning vitamin D» which is not listed in the table, it may be 
said ilut the cereal grains and their by-products contain practically 
none. Hajs that ha\c been cured in the sun have a fairly rich supply. 
On the other hand, ha)S that have not been exposed to the sun after 
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cutting have little. Fresh forage as grazed has none. Resulting from 
the direct activating effect of sunlight, however, pigs on forage are in 
no need of an additional supply. The value of sunlight in the preven- 
tion and cure of rachitis is due to its chemical action on certain animal 
fats, chiefly ergosterol, which is located in the skin. 

Because of the availability of fresh forage and sunshine there exists 
no vitamin A or vitamin D feeding problem during the summer. As a 
result of the short, dark days of winter, and the absence of both vita- 
mins in most concentrated feeds, however, their supply is a matter of 
practical importance during this season. Rich commercial sources of 
these two vitamins are the oils extracted from the liver fat of marine 
fish, especially of the cod and halibut. By irradiating yeast with ultra- 
violet light an extremely concentrated source of vitamin D is obtained. 

Nutrient allowances for swine. In Table 46 are given the latest 
recommendations of the subcommittee of the National Research Coun- 
cil concerning the nutrient allowances for the different classes of 


Tabic 46. Nutrient Allowances Recommended per Pound of Total Feed 
(Concentrate and Forage) for Swine 



Description of Pigs 







1 Breeding Stock 







Pregnant 









Females and 








Breeding Boars 








Young 






Market Stock 


Stack 

Adults 

Gilts 

Adults 

Li\ci>cig]it (lb.) 

Expected daily gain 

50 

100 

150 

1 200 

J250 

300 

1 

500 

350 

450 


1.0 

l.G 

1 1.8 

1.8 

1 1.8 

0.75' 

0.5 



Energy and protein 



Total digestible iiu- 










trien«4 (lb.) .... 

, 0.75 

0.75 

0.73 

0.75 

0.75 

0.75 

0,75 ! 

0.75 

0J5 

Crude protein (lb.) . 
Amino adds 

1 0.19 

0.16 

O.M 

0.13 

0.12 

0.15 

0,12 

0,15, 

0.15 

Toptoplian (goi.) .. 

0.9 

0. 5 

1. L 

0.7 

9.6 

0.6 

3 1 

pa 

mm 









Xfctliioninc (gm.) . 
Inorganic nutrients 

2.7 


2.0 


Hjl 

m 





5.0 

5.0 1 


23 



23 

2.5 

23 

Pliwpliorus (gtn.) . 

2.0 

2.0 

1.5 

1.5 


1.5 

13 

13 

13 

Salt (XaCl) (gm.) . . 

2.3 

3.S ' 

2J 

2.3 

■3 


2.3 
' 3.0 

2.3 

2.3 

3.0 


0.75 

0.73 

1.0 

l.O 

1.0 ! 

3.0 



50 

50 

50 

50 

50 

50 

1 50 




OJ 

0.5 

03 

03 

03 ! 

03 




Ribofla)in (mff.) ••• 
Niadn (mg.) 

0.8 
5.0 1 

0.8 

5.0 

m 

0.8 

5.0 

0.8 

5.0 

5.0 

5.0 

5.0 

5.0 

pantoibcnic aad 


■a 



43 





• • • 

Pjridoxinc («ig.; •• 

O.G 

mm 

In 

^3 I 








»/Wd. 
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hogs, including most of the vitamins belonging to the B-complex 
group. 

Vitamin and other deficiency symptoms. The dietary deficiency 
symptoms listed in Table 47 are the ailments which have been observed 
in pigs when subjected to diets experimentally restricted in the respec- 
tive nutrients.^“ 

Some type rations. It will be of some interest here to study the four 
type rations which are recommended by this subcommittee as 
examples of adequate diets for the growing and fattening pig. Diet No. 
1 is adapted to Com Belt conditions; Diet No. 2 to the Canadian prov- 
inces; Diet No. 3, particularly to the barley-growing areas; and Diet 
No. 4 to the South. 

SOME OTHER mpORTAIST FACTORS 

Thus far in this chapter attention has been given to the nutritional 
requirements of the growing and fattening pig. These include heat and 
energy furnishing feeds (carbohydrates and fats), proteins, minerals, 
and vitamins, each in an amount that will ensure a complete and bal- 
anced ration. For practical success, however, experience has shown 
the need of attention also to certain factors of a physical or economic 
nature. These are (a) bulk or fiber content, (b) palatability, (c) laxa- 
tive properties, (d) effect on the quality of pork, (e) price or cost, 
attd (f) the water supply. 
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by substituting unhuiled for huiled oats resulted in reducing the daily 
gain from 1.25 to 0.95 pound, and in increasing the feed required for 
a unit of gain by 62 percent. 

A large number of experimental studies have been made at the Wis- 
consin Station by Bohstedt and Fargo and by Lathrop and Boh- 
stedt to determine the place of oat-mill feed in rations for growing 
and fattening pigs. This oat-meal by-product, made up mostly of oat 
hulls, contained on the average 27 percent of fiber. The rations were 
finely ground, allowed to soak in water between feedings, and fed by 
hand according to appetite twice daily. The basal ration consisted of 
ground com or hominy feed balanced with the trio-mixture and a 
simple mineral supplement. Increasing proportions of the mill feed 
were fed in the different rations until a maximum of about 25 percent 
was reached. They found that no depression in the rate of gain oc- 
curred until the proportion was increased beyond a 16 percent level, 
with a fiber content of 7.5 percent for the ration as a whole. The 
amount of feed required for a given gain, h owever, increased regularly 
with rations containing more than about 4.5 percent of fiber. They 
concluded that, when fed to pigs in the dry lot in an amount to repre- 
sent a fiber content in the ration of not to exceed 10 percent, oat-mill 
feed had a replacement value equivalent to 40 to 55 percent of the 
value of ground com or hominy feed. 

These results, it is to be understood, apply only to pigs fed full 
rations and for the period from soon after weaning to market weights. 
For the best development of pigs intended for the breeding herd the 
ration may contain very appropriately as much as 10 percent of fiber, 
particularly when the amount fed is not limited. Although the pigs 
will not gain as fast, the extra bulk will prove a safeguard against 
overfatness and broken-down pasterns and will make more certain 
that the development of the framework of bone and muscle will keep 
pace with the tendency to fatten. 

Feeds most commonly fed to pigs arc relatively low in fiber. Oats, 
wheat bran, rice bran, unhullcd-peanut-oil feed, and oat-mill feed are 
not well adapted to full-fed pigs and can be successfully used only 
when their proportion in the ration is strictly limited. In Fig. 36 the 
fiber content of the common feeds is shown graphically. Also, there is 
shown the percentage of fiber contained in several widely fed rations. 

Although some proprietary or mixed feeds contain an excessive 


..G Dehslcclt and J. M. Fargo. "FacU for Fa™' 0 ." But 415. 193 J. 
W. Laihrop and G. Bohslcdt, Res. BuU 135, 1938, 
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amount o£ fiber, most of them are within the limits of safety with re- 
spect to this point. A study of the records in the state chemist’s office 
showed that of the 52 brands of hog and pig meals sold in Indiana 
from 1926 to 1933, the average fiber content was 7.68 percent, with 
a range from 4 to 14 percent. Only seven brands contained 10 percent 
or more of fiber and the protein content of these, with one exception, 
was 30 percent or more. Ten percent of fiber is not excessive when the 
feed in question is fed as a supplement to com and in a proportion so 
as not to exceed one-fourth of the ration. 

The swelling property of feeds. The importance of fiber as a factor 
in reducing the quantity of food which the small stomach of the pig 
can accommodate, is not, however, due to its bulkiness in the dry 
state, but rather to its bulk or volume in the stomach after ingestion. 
After the food reaches the stomach, it undergoes a soaking process 
which results in swelling and increased bulk. On soaking in water, 
some feeds swell very much more than others; in fact, some concen- 
trated feeds, per unit of dry weight, have greater volume after soak- 
ing than others of considerably higher fiber content. 

Proctor and Wright of Reading University, England,®® were the 
first to call attention to the fact “that there was no evidence that dif- 
ferent foods of the same weight of dry matter would occupy identical 
bulks in the stomach, even when attention was confined to concentrates 
alone, and that the practice of stating the capacity of an animal for 
food in terms of dry matter may be misleading.” 

They fed two high-swelling and two low-swelling rations, equally 
complete and balanced, individually and according to appetite to 
groups, each of four pigs, from a weight of 40 to 80 pounds by the 
“change-over” method. In the first test the volume of the two rations 
compared after soaking was 138:100; in the second test it was 
162:100. In both trials the amount of dry feed consumed was sig- 
nificantly greater and the rate of gain faster on the low-swelling than 
on the high-swelling rations. But the total soaked volume consumed 
of the high-swelling ration exceeded the volume consumed of the low- 
swelling ration by 31 percent. Hence, it was concluded that the bulk 
of the high-swelling ration prevented the consumption of the amount 
of feed fully to satisfy the appetite and to make possible maximum 
gains. 

In 1945 the author undertook a laboratory study of the swelling 

M PnnV Proctor anti Norman Charles Wright, “Butt: in Animal Feeding.” Jr. Asr. 
Sei., m n. Part 3. P- 392. 1927. 
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property o£ our common concentrated feedstufls.^^ Fifty-two varieties 
of feed, in triplicate, were subjected to a swelling test by soaking finely 
ground samples in water of a temperature of 38°F for a period of 2 
to 4 hours. The results, summarized for the different classes of feeds, 
are shown in Table 49. 


Tabic 49. Average Volume and Percentage Increase In Volume Due to 
Soaking, Wtli Minimum and Maximum, ot the Different Classes 
of Feeds 


Feed 

Percent- 

age 

Fiber Air 
dry Feed 

Volume in C.c. 

- of 1 C/M. Air- 
dry Feed 

Volume in C.c. 
after Soaking 
of 1 Gm. Air- 
dry Feed 

Percentage 
Increase of 
Soaked Over the 
Dry Volume 

Oil Meals 

8.3 

1.36(1.20-1.59) 

4.23(2.90-5.22) 

210(142-293) 

Meat and Fish 
Meals 

1.6 

1.28(1.09-1.42) 

2.05(1.71-2.38) 

61( 40- 76) 

Cereal By- 
products 

6.75 

1.73(1.36-2.05) 

2.63(1.48-3.92) 

51 ( 0- 96) 

Ground Grains 

3.83 

1.27(1.09-2.01) 

1.86(1.56-2.45) 

48( 0- 90) 

Whole Grains 


1.23(1.12-1.45) 

1.89(1.68-2.56) 

53( 40- 77) 


The most striking fact revealed by these tests was that the oil meals 
as a class, although little higher in fiber content, showed approxi- 
mately four times the swelling property of the other concentrates. 
Solvent-extracted linseed oil meal gave an increase of 293 percent 
over the dry volume; cottonseed meal, the lowest in this class, had an 
increase of 142 percent. The amount of water imbibed by the higher- 
swelling feeds was equal to that contained in many roots and other 
succulent feeds. 

That the amount of fiber in a feed or ration is an unreliable meas- 
ure of its bulkiness or volume after ingestion was shown by the extreme 
variations in volume after soaking among the feeds of similar fiber 
content. Wheat bran has a higher fiber content than linseed oil meal, 
hut the percentage increase in volume because of soaking was 263 
for the linseed and 71 for the bran. Oats contain nearly five times 
.as much fiber as ground corn, but their soaked volume was prac- 
tically the same. Ground rye was as bulky after soaking as ground 
rials, yet contains only one-fourth as much fiber. 

The swelling property of a feed or ration is an important factor in 
determining its volume in the stomach after ingestion; the other factof 

«\v w. Smith, "Tho Spelling Property ot FccdslulTs." Ind. Eip. Sta. Cir., 320. 
1947. 




FOOD DEMANDS OF THE GROWING PIG 185 

is the fiber content. Both are limiting factors of production, therefore, 
whenever the available nutrients supplied are less than the animal is 
capable of metabolizing for production. 

Palatability is essential. No ration can be satisfactory if it is not 
palatable, particularly when fast gains and quick finish are desired. It 
is possible to have a ration which is ideal in all other respects, but if 
it lacks in palatability the pig will not consume it in the amounts neces- 
sary for either fast or economical gains. Usually, however, the better 
balanced and more complete a ration is, the more palatable it will be. 
Rations made up of a variety of feeds usually are more palatable than 
those composed of one or two feeds only, not because of the variety 
itself but rather because they are more likely to be more complete and 
better balanced. 

Some feeds are more palatable than others of the same class because 
of individual peculiarities of flavor and physical qualities. Com is 
much better liked than rye. Fresh feeds like mill and packing-house 
by-products and ground grains are more palatable than the same feeds 
after they have become stale. Grains that are infested with scab or 
other parasites are not as palatable as the clean grain. Also, rations 
are always relished most and eaten in largest amounts when the 
appetite is keenest. The skillful feeder can do much to maintain this 
keen “edge” by the way he feeds, as well as by the feeds he selects. 
He is careful always to limit the amount fed so that no feed will be 
left in the trough after a reasonable time to sour and contaminate sub- 
sequent feedings; he anticipates the cliccts of changes of temperature 
and weather on the appetite and varies the amount fed accordingly; 
and he feeds at regular times and is careful not to disturb the estab- 
lished routine in the habits of the pie. 
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the feed which is responsible for the effect it may have is not known 
definitely; that it is sometimes the result of certain mineral salts, the 
fiber content, natural water, or succulence seems fairly well estab- 
lished, however. 

Effect on the quality of product. Another factor of considerable im- 
portance in feeding pigs for market is the possible effect which the 
ration, or some of the feeds in it, may have on the quality or firmness 
of the pork produced. American packers are more and more disposed 
to discriminate against hogs coming from sections known to use feeds 
which produce soft or oily carcasses, and to favor those produced by 
feeders that have the reputation of producing hogs that cut out firm 
carcasses. Feeds of a high-oil or fat content tend to produce soft or 
low-melting fats in the body; rations low in fats and high in carbo- 
hydrates, on the other hand, produce firm carcasses (see Chap. XV). 

Feeds that have well-established reputations for producing soft or 
oily carcasses are the following: peanuts, soybeans, sunflower seed, 
chufas, and mast. Rice bran and rice polish also produce soft pork 
under certain feeding conditions. As a result of their comparatively low 
fat content, the cereal grains produce carcasses of acceptable firmness 
for the domestic trade when the hogs are marketed with sufficient 
finish. Barley is regarded by many “expert” feeders as possessed of 
special merit in the production of champion show carcasses. 

Other factors in addition to the fat content of the ration are also 
important in affecting the firmness of the carcass, although to a lesser 
degree. The studies of Robison of the Ohio Station,^® for example, 
showed that as hogs become heavier, from 100 to 250 pounds, their 
fat becomes firmer. When fed the same ration to the same weight, the 
fat of the faster gaining hogs was slightly firmer or less soft than the fat 
of the slower gaining hogs. Comparing the effects of full and limited 
feeding, he found that the full-fed, or rapid-gaining, hogs were as fat 
at 200 pounds as the limited-fed, or slower gaining, hogs were at 250 
pounds. When at the same degree of fatness when slaughtered, regard- 
less of the weight or length of time fed, there was little difference in 
firmness of the fat of the slow- and fast-gaining hogs fed the same 
ration. 

So far as is known, none of the grains or standard plant or animal 
by-product feeds have any appreciable tendency to taint the flesh of 
pork. Instances have been reported, however, where a fishy flavor had 
been detected in bacon made from pigs which had been fed fish meal. 

»»\V. L, Robison, Bui. 664, 1946. 
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resulting, no doubt, from the extra high oil content in the feed. Ger- 
man investigators have reported taints in the brain and liver of pigs 
fed fish meal.-’’” 

Tests conducted by Grummer and associates of the Wisconsin Sta- 
tion showed that pork from hogs that had been liberally treated with 
benzene hexachloridc, as used against mange and lice, was not con- 
taminated when the treatment was applied 10 days before slaughtering. 
When applied immediately before slaughtering, however, an off-flavor 
in the lean and fat was detectiblc. 

Effect of exercise on firmness of carcass. The amount of exercise 
taken by pigs during the growing and fattening period seems to affect 
the firmness of the carcass. In Indiana studies, covering three years, 
50- to 60-pound pigs were fed to a weight of 225 pounds and, after 
slaughtering, their carcasses graded for firmness. Half was exercised 
by being driven a half mile twice each day; the other comparable half 
was confined in a small dry lot. The 59 pigs that were exercised pro- 
duced 41 carcasses which graded Hard, 15 graded Medium Hard, and 
3 Medium Soft. For those that were confined there were 29 Hard, 23 
Medium Hard, and 7 Medium Soft. Back-fat thickness for the exer- 
cised hogs was 1.9 inches, and for those that were confined it was 
2.01 inches. 

Price or cost. Finally, there remains to be mentioned the factor of 
price or cost. Judged by the financial results, this factor deserves to 
stand second or first in importance. On the general run of hog farms 
the carbohydrates or fattening portion of the ration is supplied most 
economically in the home-grown grains. Under normal conditions it is 
rarely, it ever, advisable tor the farmer to purchase proprietary or 
commercial mixed feeds designed to substitute for the home-grown 
products when these are available. Grains alone, however, do not 
supply all the constituents of a complete ration and feeds rich in pro- 
tein or growth-producing properties commonly are not grown in suffi- 
cient amounts on the hog farm, especially in the Com Belt, to balance 
the carbohydrate grains. Although good forage helps, resort must be 
had usually to some form of the commercial protein feeds on the 
market. The one which is cheapest according to price, composition, 
and general suitability should be chosen. In the purchase of protein 
supplements an important principle to adhere to is to prefer always, 
other tilings being equal, the feed which supplies the needed food 

** Suiriiion Absirucis tind Re-^tew, VoL IV, No. 2, Oct., 1934. 

**R. H. Grummer, R. W. Bray ami G. Bohatcwii. Jr. An. Set-. VoL 9. No. 1. 1950. 
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material in the most concentrated form. This will make it possible for 
the ration to be made up most largely from home-grown sources. The 
cost of supplying the minerals which may be lacking in the ration may 
be reduced by using home-made rather than purchased mixtures. 

The water supply. Water is indispensable to the life of the pig and 
a more important factor affecting the results in practical feeding than 
is generally appreciated. As an essential constituent of all the fluids 
and tissues, both soft and hard, it represents generally more than one- 
half the weight of the body. It is the vehicle in which the absorbed 
food is transported to the living ceils and the waste products elimi- 
nated from the body. It is an important means for the regulation of 
the body temperature. AU the processes of growth and repair, all cell 
activity, can take place only in the presence of water. 

The amount of water needed to meet the physiological needs of the 
pig varies considerably. More is required in summer than in winter, 
more on full rations than on limited ones, and more on a protein-rich 
diet than one more carbonaceous in character. Young pigs require 
more water according to their weight than old pigs because they con- 
sume more feed per weight, their vital processes are more rapid, and 
because water is present mote abundantly in their tissues. ^ 

Evvard of the Iowa Station has made extensive tests to determine 
the water consumption of pigs of different ages and when fed different 
types of rations. The figures given in Table 50 represent hiS estimates 
based on these studies. They include the water taken in with the food 
as well as in drinking. 

Methods of watering compared. On the usual dry-lot-fed grain 
ration, fed dry, the amount of water obtained in the feed amounts to 
about 5 percent of the total consumption for the young pig and about 
10 percent for the 200-pound pig. A 100-pound pig fed 6 pounds of 
buttermilk or skim milk, with grain, would obtain from his ration 
more than one-half his daily water requirements. 

Ferrin and McCarty of the Minnesota Station compared two 
methods of watering growing-fattening pigs during the summer in two 
experiments. Lot I was watered by hand three times a day, being given 
all they would drink in 30 minutes. No water was left in the trough 
between these periods. The pigs in Lot II were provided with an auto- 
matic walerer, located close to the feeder. The pigs in both groups, 
numbering 10 in each lot, were self-fed a good ration of com, mid- 


41 y Evvard, Res. BuL 118, 1925. 

F. FcrriQ and M. A. McCarty* H-21 


and 11-29, 1925 and 1926. 
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Tabic 50. Water Consumption of Pigs on Full Rations 


Assumed 
Weight 
of Pig 

Total Daily Water 
Consumption, Estimation 
per Cu’t. 

Water Re- 
quired for 
Each Pound 
Dry Matter 
of Ration 

Approximate Water 
Consumption, Freewill, 
Daily per Pig 

Spring Pigs 

Fall Pigs 

Spring Pigs 

Fall Pigs 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

25 

13.6 

10.6 

2.62 

3.3 

2.5 

50 

11.6 

9.6 

2.35 

5.5 

4.5 

75 

11.6 

9.6 

2.40 

8.5 

7.0 

100 

9.6 

8.1 

2.04 

9.0 

7.5 

125 

8.2 

7.4 

1.85 

9.5 

8.5 

150 

7.2 

6.6 

1.67 

10.0 

9.0 

175 

7.0 

6.5 

1.72 

11.5 

10.5 

200 

5.0 

5.3 

1.35 

9.0 

9.6 

225 

4.3 

4.3 

1.23 

8.5 

8.5 

250 

3.4 

3.4 

1.03 

7.5 

7.5 

275 

2.8 

2.9 

0.94 

6.5 

7.0 

300 

2.4 

2.4 

0.86 

6.0 

6.0 

350 

1.8 

1.8 

0.72 

5.3 

5.3 

400 

1.6 

1.6 

0.69 

5.2 

5.2 


dlings, tankage, and minerals on rape pasture for a period of 80 days 
to a market weight of about 200 pounds. 

The results from the two years when averaged showed no significant 
difference either in the rate or economy of gains. However, the pigs on 
the automatic waterer drank 25 percent more than those that were 
watered by hand three times a day. 

Artificial lighting. It is generally accepted among commercial poul- 
trymen that artificial lighting during the long winter nights results 
in increased egg production. The belief that a similar practice when 
applied to pigs that are self-fed would increase feed consumption 
and produce faster gains has resulted in its trial by a number of hog- 
nien and of press reports that have been very favorable. 

Ferrin of the Minnesota Station made a test of the practice during 
a feeding period of 48 days, from January 14 to March 3, 1949. Two 
lots of fall-farrowed pigs of equal total weight, numbering 48 in Lot I 
and 38 in Lot II, were used in the experiment. In Lot I a clock switch 
turned on the lights from 10 to 11 P..Nf. and again from 3 to 4 a..\i. 
in both the inside sleeping quarters and the outside pen where the self- 
feeder and waterer were located. Lot II was similarly housed and fed, 
but wiihoui lights. A well-balanced ration, self-fed, was available in 
both lots. 

“E. F. FcTrin, Mimeo, Rr*-. 
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When the lights were turned on, most of the pigs in Lot I got out 
of their beds, ate some feed, and drank some water, but after two or 
three weeks some of the pigs had become indifferent to the light and 
the noise of the banging feeder lids. It also was observed that the pigs 
in Lot II, which may have been aroused by the noise in Lot I, ate feed 
and drank water at the same time; however, they had been observed 
eating at night before the experiment began. Considering the differ- 
ence in size of the pigs in the two lots, it was concluded that the arti- 
ficial lights did not seem to influence either the rate of gain or the 
amount of feed required to produce a given gain. 

At the Illinois Station Terrill and associates ran a similar test 
with two lots of 20 pigs each on brome-grass — alfalfa pasture, self- 
fed a well-balanced ration from an initial weight of 3S pounds to one 
of about 200 at the finish. Two 150-watt bulbs were automatically 
turned on from 10 to 11 p.M. and 3 to 4 a.m. in Lot I during the 
entire period. These lights were so situated that they did not shine on 
the comparable Lot II. The results showed that “night lights used in 
this experiment did not significantly affect the rate of gain, average 
daily feed consumption, or feed consumed per 100 pounds of gain.” 

Summary. It will be profitable now to re-enumerate the factors 
which have been mentioned. The ration should be complete chemi- 
cally, as shown by the amounts and proportions of the carbohydrates 
and proteins, the presence of a minimum of certain essential'fats, by 
the quality of the proteins, the amount and variety of mineral salts 
contained, and the supply of vitamins. Also, to be satisfactory, the 
ration of the pig should not be too bulky, it should not produce soft 
or oily carcasses, it should be palatable, mildly laxative, and eco- 
nomical as to cost. With such a ration a skilful feeder who appreciates 
the importance of a good water supply, sunshine, quiet, comfortable 
surroundings, and regularity may look for maximum returns at mini- 
mum costs. 

** S. W. Terrill, J. L. Krider, G. W. Sherritt, F. M. Crawford, and D. M. Baird, 
Mimeo. Rpt. AS 152, 1950. 
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Thirty-five years ago the hogman fed little in addition to com or 
other ‘cereals. The general method of feeding and management em- 
ployed by the Com Belt farmer at that time was about as follows: 
The sows were bred to farrow in the late spring or early summer and, 
with their pigs, were soon out on grass. After weaning the pigs were 
allowed a very limited amount of corn or other grain throughout the 
summer and were given the run of a wood lot, when this was available, 
and natural pasture. Heavy grain feeding did not commence until the 
new com crop was fairly mature, but from October on throughout the 
winter the pigs, in more or less confined quarters, were fed all the ear 
com they would take until they were ready for market the following 
spring or early summer. Here and there were to be found observant 
feeders who fed in addition to com some mill feed, wood ashes, char- 
coal, or salt. 

Old ways are not the best. These methods secured for the young 
pigs during the summer the benefits of plenty of exercise, the oppor- 
tunity to root, and a variety of green feed, with the result that, al- 
though their gains were slight and many of them stunted in develop- 
ment, they had by autumn an accumulation of mineral and vitamin 
reserves sufficient to enable them to make fair gains during the fol- 
lowing winter on com alone. Before spring arrived, however, there 
were invariably evidences of faulty nutrition. Under the best of these 
conditions the appetite became depraved, there were many cases of 
scurfy skin, the gains generally were slow, and the amount of com 
required to produce a unit of gain excessive. When the winter was 
long, more severe cases of malnutrition such as stiffness, enlarged 
joints, staggering gait, rickets, paralysis of the hind quarters, and even 
death were common. 

Although the feeding period has been considerably shortened, there 
191 
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Still are many farmers who persist in trying to grow and fatten pigs on 
corn or other grain alone, despite the contrary evidence both of experi- 
mental study and practical experience. 

These ailments develop in pigs fed an exclusive grain ration like 
corn because corn is lacking in several food substances which are 
essential for complete nourishment. Com and the other cereals are 
especially deficient in the constituents which promote growth. They 
are lacking in the amount and variety of their proteins and deficient 
in mineral matter (ash) — particularly calcium or lime and common 
salt — as well as the more recently appreciated food factors, the vita- 
mins. 

To give the scientific support on which these conclusions are, based 
and to illustrate the methods employed by the investigator of feeding 
problems, attention will be given to a brief review of some of the 
more fundamental experimental studies which have been made of these 
points. What follows will serve also to bring to our attention some of 
the new discoveries in animal feeding as well as to emphasize their 
practical significance. 

CORN IS DEFICIENT IN PROTEIN 

The amount of protein is a limiting factor in growth. That the 
limited protein content of com is one of the principal reasons why it 
cannot be depended on as a sole feed for growing pigs has been re- 
peatedly shown by hundreds of practical experimental tests. Of all 
these, none has demonstrated the fact more clearly or positively than 
the one planned and carried through by the late Doctor Waters and 
associates at the Kansas Station.^ 

In each of four years, starting in 1911. one lot of weanling spring 
pigs of March and April farrow was fed a ration of com alone, an- 
other similar lot com and minerals (ash), and the third and fourth 
lots com supplemented with various forms of milk and blood proteins, 
with and without minerals. At the beginning of the tests the pigs ranged 
in weight from 30 to 50 pounds and the four experiments covered 
periods of 280, 187, 180, and 200 days, respectively. The pigs were 
confined to cinder-covered dry lots and were supplied with tap water. 
They were hand-fed individually twice daily, the amount given being 
determined by what they would clean up. The com was yellow and fed 
as a meal. The minerals were a superior mixture rich in a supply of 
calcium, phosphorus, chlorine, and iron, and fed mixed with the 

1 ^ J, Waters, Proc. Soe. Ptom. Agr. Sei., 1911. 
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ground com in amounts equal lo 2 percent of the corn by weight. In 
one experiment milk ash was fed. There were but three pigs to each 
lot, but the integrity of the results was safeguarded by three repetitions 
of the experiment, by taking feed and gaining records of the individual 
pigs, the selection of litter-mates only for the different lots, and by 
making chemical studies of the rations and some of the carcasses at 
the close of the experiments. 

It will be our purpose to consider here the results only from the 
lots which were fed com and ash, on the one hand, and com and ash 
with a protein supplement, on the other. These rations were practically 
alike except that in the com-alone ration the protein supply was very 
low, while in the ration containing a supplement the protein supply 
was high. The supply of minerals was believed to be adequate in both 
cases. The figures given in Table 51 are the averages based on the 
four-year study. 


Table 51. Protein as a Limiting Factor in the Growth of Figs Fed Coro 


Rations 

Average 

Percentage 

Crude 

Protein 

Average 
Beginning 
Weight 
per Pig 

Average 
Final 
Weight 
per Pig 

Average 
Daily Gain 
per Pig 



lb. 

lb. 

Ib. 

Corn and ash 

8.6 

45 

78 

0.16 

Corn and ash 4- protein 





supplement 

16.5 

45 

305 

1.24 


These pigs were fed for a period exceeding seven months, on the 
average, during which time those which received no protein in addi- 
tion to corn gained an average of only 33 pounds per head. In the 
second experiment the pigs on this ration weighed just 1 pound more 
when the test was finished than when it was begun! Those which re- 
ceived protein, on the other hand, made an average daily gain of 1.24 
pounds and at the close of the e.xperiraent averaged 305 pounds. 

In discussing the results, Doctor Waters made the following ob- 
scp.’aiions: “In every case the amount of feed consumed by the pigs 
fed com alone, com and ash, and com and protein-free milk was 
small. In some cases it was less than was required to sustain life, and 
d.'aih from staixaiion ensued. In most other instances, it was little 
more than the amount required for maintenance and, as already 
shown, little gain in live weight or of body substance was made. The 
unimaL seemed to be hungrx' and apparently were not satisfied after 
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they had eaten their meal. They would eat paper, wood, and almost 
any other unpalatable substance that might come within reach.” 

The pigs fed the tmsupplemented rations consumed considerably 
less ash than did those receiving the balanced rations, especially in the 
first two experiments; but since minerals were fed in each case, in addi- 
tion to those contained in the feeds, and natural water provided, with 
a run of cinder-covered outside lots, the conclusion seems inescapable 
that the wide contrast in the results was due chiefly to the additional 
protein supplied in the better balanced ration. 

Corn alone for fattening well-grown pigs. The pigs in the above ex- 
periments weighed but 45 pounds when the trials began. Since the 
amount of protein needed to meet the body demands in proportion 
to the other food nutrients decreases as the age of the pig increases, it 
might be supposed that well-grown pigs being finished for market 
would do very well on com alone. That this is not the case has been 
repeatedly shown hy experimental tests. 

In Table 52 there are brought together the summarized results of 
35 feeding trials where the pigs used averaged 118 pounds at the start 
and the time covered by the feeding period averaged 80 days. In each 
trial com alone was fed in one lot, while com and a protein supple- 
ment was fed in the other. The protein was supplied as. a single feed, 
in some cases animal and in others plant in character. In several of the 
experiments additional minerals were fed in both lots. During the 
months just prior to the experiments the pigs in most cases were on 
grass or special forage crops. 


Table 52. Corn Alone versus Com and a Protein Supplement for Fattening 
Well-growa Pigs 
(Average JJ ^xperi/jte/jfs) 


Ration 

Average 

Percentage 

Crude 

Protein 

Average 
Initial 
Weight 
per Pig 

Average 
Daily 
Cain 
per Pig 

Feed 
Required 
to Produce 

1 Cwt. Cain • 



lb. 

lb. 

lb. 

Corn 

S.6 

118 

0.96 

544 

Com 4- protein 





supplement 

15.0 

118 

1.46 

436 


• SUm milk and buttermilk were reduced to the weight of the other supplements by 
dividing by 5. 


The pis® which received a protein supplement along with their com 
made their gains at a rate more than 50 percent faster than those get- 
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ting no supplement. This means that the lots fed corn alone had to be 
continued on feed for a period of about 40 days after the close of the 
experiments before reaching the same market weight as the other lot. 
Of even greater importance than this, however, was the fact that those 
fed the protein supplement along with the com made their gains at a 
very much lower feed cost. For producing a given increase in weight, 
80 pounds of the better balanced ration proved equal to 100 pounds 
of the ration of com alone. 

These pigs at the beginning of the experiments were fairly well 
grown and, in most instances, their bodies probably were well fortified 
with mineral and vitamin reserves. These facts, along with the short 
feeding period and the opportunity to root for a portion of the time, 
enabled the pigs, which were restricted to straight com, to make as 
good gains as they did. 

In both these experiments the effect of adding the protein supple- 
ments was to make the rations more complete, to satisfy more nearly 
all the food demands, with the result that the pigs were more thrifty, 
their appetites were stimulated, and the consumption of feed greatly 
increased. One of the reasons why those receiving the supplemented 
rations made their gains on less feed was because the greater feed con- 
sumption resulted in a larger proportion of the ration being made avail- 
able for gains after maintenance needs were satisfied. Another reason 
was that the unbalanced character of the com-alone ration, together 
with the ioxpovetished stwte of bodily vigor which it brought ubout, 
resulted in the available nutrients from the better ration being used 
more cfiicicntly. 

Nuniial development not possible on corn alone. In one of the first 
pig-feeding e.xperinients in this country to be adequately supported by 
chemical analyses of the products of grow th, Forbes of the Ohio Sta- 
tion - concluded his study of the harmful effects of a ration of com 
alone with the following significant observations; 
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they had eaten their meal. They would eat paper, wood, and almost 
any other unpalatable substance that might come within reach.” 

The pigs fed the unsupplemented rations consumed considerably 
less ash than did those receiving the balanced rations, especially in the 
first two experiments; but since minerals were fed in each case, in addi- 
tion to those contained in the feeds, and natural water provided, with 
a run of cinder-covered outside lots, the conclusion seems inescapable 
that the wide contrast in the results was due chiefly to the additional 
protein supplied in the better balanced ration. 

Com alone tor fattening well-grown pigs. The pigs in the above ex- 
periments weighed but 45 pounds when the trials began. Since the 
amount of protein needed to meet the body demands in proportion 
to the other food nutrients decreases as the age of the pig increases, it 
might be supposed that well-grown pigs being finished for market 
would do very well on com alone. That this is not the case has been 
repeatedly shown by experimental tests. 

In Table 52 there are brought together the summarized results of 
35 feeding trials where the pigs used averaged 118 pounds at the start 
and the time coveted by the feeding period averaged 80 days. In each 
trial com alone was fed in one lot, while com and a protein supple- 
ment was fed in the other. The protein was supplied as a single feed, 
in some cases animal and in others plant in character. In several of the 
experiments additional minerals were fed in both lots. During the 
months just prior to the experiments the pigs in most cases were on 
grass or special forage crops. 


Tabic 52. Corn Alone versus Com and a Protein Supplement for Fattening 
Well-grown Pigs 
{Average 35 Experiments) 


Ration 

Average 

Percentage 

Crude 

Protein 

Average 
Initial 
Weight 
per Pig 

Average 

Daily 

Cain 

per Pig 

Feed 
Required 
to Produce 

1 Cwt. Gain * 



lb. 

lb. 

Ib. 

Corn 

8.6 

118 

0.96 

544 

Corn + protein 





supplement 

15.0 

1J8 

1.46 

436 


■ Skim milk and buttermilk were reduced to ihe weigbr oE the other supplements by 
duiding by 5. 


The pigs which received a protein supplement along with their com 
made their gains at a rate more than SO percent faster than those get- 
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The muscles of com-fed pigs are high ia fat, and low in protein and in wafer; 
but the percentage of water in the fat-free meat is decidedly high. The propor- 
tion of ash to protein in the flesh of com-fed pigs, however, is not low. 

The livers of com-fed hogs are small and low in ash and in phosphortis. 
Compared with rations containing more protein, com produces small, fat kid- 
neys. . . . The bones likewise are small, and lacking both in density, as indi- 
cated by ash content, and in breaking strength. 

Kind o£ protein supplements importtmt. Attentioa was called in the 
previous chapter to the fact that protein feeds of animal origin supple- 
mented com and the other cereals more efficiently than do those of 
plant origin. One probable reason for this is that feeds of animal 
origin, such as tankage, meat and bone scraps, fish meal, skim milk 
and butteimilk, contain a larger proportion of some of the particular 
amino acids which the grains lack. The other reason, and probably of 
equal importance, is the presence in the animal products of larger 
amounts of the essential minerals and vitamins. 

Animal compared ivilh planf supplements. To summarize in a gen- 
eral way data showing the superior suppiementing qualities of auimal- 
as compared with plant-protein feeds when fed with yellow com to 
growing and fattening pigs in the dry lot, there are given in Table 53 
the results of 24 experiments.® In 18 of the trials soybean oil meal was 
the plant supplement fed, and in 6, linseed oil meal. The tankage fed in 
most instances was of a high-grade variety, varying in protein content 
from 50 to 60 percent. The soybean oil meal fed had, on the average, 
42 percent protein and the linseed oil meal 35 percent. The rations 
were full or self-fed in all cases until practically market weights were 
reached. A simple mineral mixture was fed in both lots. 

The pigs fed the tankage consumed 14 percent more feed and gained 
at a rate 16.6 percent faster than those fed either the soybean or lin- 
seed meal. However, there was little difference in the amount of feed 
required to produce a unit of gain. The superior character of the 
tankage ration was expressed in its greater palatability, the result, in 
part, to better quality in the protein supply, and more especially, to 
the fact that it was less deficient in certain important B-compiex vita- 
mins, including the A P F factors, than the supplements of plant 
origin. More critical recent studies have shown that neither ration is 
complete. For extended periods of dry-lot feeding, especially in the 
winter months, both rations require further supplementation (see 
page 219). 

aw. P. Snyder and W. J. Locffcl, Ncbr. Exp. Sta-, Bui. 243, 1930; E. G. Godby 
and A. L. Durant, So. Car. Exp. Sta., BuL 234, 1926; W. L. Robison, Ohio Exp. 
Sta., Bui. 349, 1921, and Bi-monthly BuL 223, 1943. 
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Table 53. Animal versus Plant Supplements for Growing and 
Fattening Pigs in the Dry Lot 
(Average 24 Experiments) 



Initial 

Daily Feed 

Daily 

Feed Required 


Weight Consumption 

Gain 

to Produce 

Ration 

per Pig 

per Pig 

per Pig 

1 Cwt. Gain 


lb. 

\h. 

lb. 

lb. 

Com A- tankage 




Corn 361 

minerals 

61 

5.27 

1.33 

Tankage 35 





Total 396 

Corn + soybean or 




Corn 362 

linseed meal + 




Soybean or 

minerals 

61 

4.63 

1.14 

linseed 
oilmeal 44 





Total 406 


Tankage and soybean oil meal compared on pasture. When fed with 
corn on pasture the better plant supplements are about as efficient as 
tankage or meat scraps; that is, a pound of protein in the plant product 
is equal to a pound of the protein in the animal feed. This is illus- 
trated by the results shown in Table 54 which summarizes 15 experi- 
ments in each of which one lot of pigs from soon after weaning was 
fed to market weights on pasture a ration of com, high-grade tankage 
and minerals, and a comparable lot the same except that soybean oil 
meal was fed in place of tankage.^ Expellcr soybean meal was fed in all 
cases except in one in which it was the “toastcd-cxtractcd” variety. The 
pasture in most instances was alfalfa or a mixture of alfalfa and clover; 
in four it was rape. Full rations were fed in all cases according to ap- 
petite. In some the supplement was mixed with the ground com in 
regulated amounts, in others it was self-fed, free-choice. A simple 
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Table S4. Tankage versus Soybean Oil Meal for Growing and 
Fattening Pigs on Pasture 
(Average 15 Experiments) 



Initial 

Daily Feed 

Daily 

Feed Required 


Weight Consumption 

Gain 

to Produce 

Ration 

per Pig 

per Pig 

per Pig 

1 C^vt. Cain 


lb. 

lb. 

lb. 

lb. 

Corn 4- tankage -f 




Corn 342 

forage -f- minerals 

58 

5.17 

1.40 

Tankage 33 

Minerals 4 





Total 369 

Corn 4- soybean oil 




Corn 313 

meal 4- forage 4“ 




Soybean 

minerals 

53 

5.34 

1.44 

oil meal 51 
Minerals 7 


Total 371 


In all cases the rations were full or selMed. Linseed oil meal was fed 
in 17 of the trials, cottonseed meal in 11, and soybean oil meal in 7. 
The forage was alfalfa, clover or rape. Minerals were fed in most 
cases. The pigs average 63 pounds at the beginning and a little over 
200 at the Msh of the trials. 


Table 55. Tankage versus Tankage Pius a Plant Supplement for 
Figs on Pasture 
(Average 35 Experiments) 



Initial 

Daily F eed 

Daily 

Feed Required 


Weight Consumption 

Gain 

to Produce 

Ration 

per Pig 

per Pig 

per Pig 

1 Cwt. Gain 


Ih. 

lb. 

lb. 

lb. 

Corn 4- tankage 4- 




Corn 332 

forage 

63 

5.31 

1.50 

Tankage 22 

Corn 4* tankage 4* 




Total 354 

plant supplement 4- 




Corn 327 

forage 

63 

5.33 

1.49 

Tankage 15 

Plant sup. 16 





Total 358 


From these last two series of experiments it appears that any dif- 
ferences in the supplementing efficiency of animal protein feeds such 
as tankage or meat scraps, and plant supplements, largely disappear 
when fresh green forage is added to the diet. 
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The “trio” or “trinity” mixture an early improvement. An important 
early step in the evolution of improved rations for growing and fat- 
tening pigs in the dry lot was the development by Morrison and asso- 
ciates of the Wisconsin Station ° of the supplement which is known as 
the “trio” or “trinity” mixture. This consists of 50 percent tankage, 
25 percent linseed oil meal, and IS percent ground alfalfa hay. 

In three early trials with 52 pound pigs fed in the dry lot to a weight 
of 200 pounds, the trio-mixture proved significantly superior to tank- 
age alone as a supplement to com. The gains were faster, less feed was 
required to produce a unit of gain, and the pigs were uniformly more 
thrifty under winter-feeding conditions. Several of the pigs in the lots 
which received tankage alone exhibited symptoms of rachitis. Later 
studies at the Wisconsin and other stations have indicated that the dif- 
ference in the results was due chiefly to food factors of a vitamin char- 
acter contained in the alfalfa hay, which constituted 5 percent of the 
ration. 

The results of four experiments conducted by Willman and Morri- 
son of the New York Cornell Station “ with fall pigs fed in the dry lot 
under controlled conditions showed that a ration of yellow com, 
digester tankage, linseed meal, field-cured alfalfa hay (5 percent), a 
simple mineral mixture, and salt was not significantly improved by the 
addition of cod-liver oil or fortified cod-liver oil. Keith and Miller of 
the Pennsylvania Station ’ also found that the addition of 1 percent 
of cod-liver-oil concentrate to a ration containing 1 5 percent of pro- 
tein and composed of yellow com, low-protein tankage, soybean oil 
meal, and alfalfa hay, when fed individually to pigs in the dry lot, 
from beginning weights of 48 and 53 to final weights of 156 and 176 
pounds, was without beneficial effects. 

The failure of cod-liver oil to improve the “trio” or similar mixtures 
when fed as a supplement to yellow com to pigs in the open dry lot 
suggests that vitamin A was adequately provided in the basal ration, 
and that the sunshine available was sufficient to supplement any de- 
ficiency of vitamin D. 
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linseed without lowering the efficiency of the mixture. Cottonseed meal 
has a slightly lower value than linseed meal. Such other plant supple- 
ments as wheat shorts or middlings, ground raw soybeans, or com 
germ meal or feed, have proved much less satisfactory in such a mix- 
ture than linseed or soybean oil meal. 

That the advantage of the trio-mixture over tankage alone in dry-lot 
feeding is due mainly to the alfalfa is suggested by subsequent studies 
made at the Ohio, Kansas, Minnesota, and Wisconsin Stations, results 
of which were published from 1927 to 1932. At these stations 13 com- 
parisons, in all, were made of the ration of com, tankage, and alfalfa 
hay with one made up of com, tankage, linseed oil meal and alfalfa 
hay when full or self-fed to pigs in the dry lot from an average of 60 
pounds to market weight. The ratio of tankage to linseed meal in the 
latter rations varied from 1:1 to 2’/i;l, which approximated fairly 
closely the ratio in the trio mixture. The alfalfa hay constituted ap- 
proximately 4 percent in the two rations. Additional minerals were 
available in most of the tests. The rations were the same except that 
linseed oil meal replaced part of the tankage in the ration under test. 

The results in rate and economy of gains were practically identical. 
The daily gains were 1.29 and 1.30 pounds, and the amount of feed 
required to produce 100 pounds of gain was 424 and 421 pounds, 
respectively. In three of the trials tankage alone gave slightly better 
results than the mixture of tankage and linseed, while in three others 
the results were slightly in favor of the mixture. In the other seven 
trials the results were practically the same. The two rations were 
equally palatable and were consumed in the same amounts. The pro- 
tein content of the rations also was the same. 

Alfalla hay improves winter rations. In a well-designed experiment 
carried through by Ellis and associates of the U.S. Department of Agri- 
culture ® valuable information is supplied concerning the merits of 
good-quality legume hay when fed as an addition to a ration of ground 
yellow com, digester tankage, linseed oil meal, and minerals to fall- 
farrowed pigs during the winter, and also the proportion of hay that 
may safely be incorporated in the ration without affecting seriously 
the rate or economy of the gains. During two winters, 1936 to 1937 
and 1937 to 1938, five lots of eight pigs each were fed the basal ration 
and varying proportions of ground No. 2 grade alfalfa hay, as shown 
in Table 56. The proportions of com and tankage were so adjusted 
that the rations compared had the same protein and energy content. 

*N. R- Ellis, J. H. ZcUcr, and J. X. King, A.H.D. No. 60, 1943. 
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A reduction in the protein supply was made in each lot when the pigs 
reached an average weight of 125 pounds by increasing the proportion 
of com to tankage. The pigs were confined to concrete-paved lots, and 
fed from weights of 45 to 63 pounds to a final weight of 225 pounds. 


Table 56. Alfalfa Hay in Different Proportions for Winter-feeding 
Growing and Fattening Pigs 
(Average 2 Experiments) 


Ration Constituents 

1 

Percentage in Lot ^ 
2 3 4 

5 

Ground alfalfa hay 

0 

5 

10 

15 

20 

Mineral mixture 

1 

I 

1 

1 

1 

Linseed meal 


4 

4 

4 

4 

4 

Tankage — to 125 lb. 

11.8 

11.2 

10.6 

10.0 

9.4 

Tankage — after 125 lb. 

6.0 

5.7 

5.4 

5.1 

4.8 

Ground yellow 

corn — to 125 lb. 

83.2 

78.8 

74.4 

70.0 

65.6 

Ground yellow ' 

corn — after 125 lb. 

89.0 

84.3 

79.6 

74.9 

70.2 

Calculated fiber content 

2.25 

3.64 

5.04 

6.44 

7.84 

Daily rate of gain, pounds 

1.59 

1.74 

1.72 

1.64 

1.56 

Feed required 
for 

[■Concentrates, 

1 pounds 

358 

358 

339 

335 

324 

1 cwt. gain 

I Hay, pounds 


19 

38 

59 

81 


A decided improvement in rate of gain was shown by the pigs which 
received up to a level of 15 percent of alfalfa compared with those on 
the check ration containing no alfalfa. Maximum gains were made 
at the levels of 5 and 10 percent. At the 10 percent level 1 pound of 
concentrates was saved for each 2 pounrls of alfalfa; at the 15 and 20 
percent levels, approximately 2'/4 pounds were required for each 
pound of concentrates saved. 
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digestible nutrients obtainable by the pig from a given weight or 
volume of the ration declines. From the above results it would appear 
that as much as 10 or even 15 percent of good-quality alfalfa hay may 
be incorporated, which would mean a fiber content for the ration of 
5 to 6 V 2 percent, without seriously impeding the rate of gain (see 
page 177). 

The same investigators made similar studies of sericea lespedeza 
hay, in 1938 to 1939 and 1939 to 1940, and of soybean hay, in 1940 
to 1941 and 1941 to 1942 according to the same general plan. Al- 
though the results from the different years are not strictly comparable, 
the lespedeza showed a somewhat lower value than alfalfa, while the 
replacement value of soybean hay appeared to be somewhat higher 
than the alfalfa. 

Kirk and Crown of the Florida Station ® found in three experiments 
by adding alfalfa leaf meal in amounts of 2, 4, 6, 8, and 10 percent, 
respectively, to the basal ration of yellow corn, tankage, and minerals 
that the rate of gain was increased from a daily gain of 1.36 pounds 
on the check ration to 1.59 on the ration containing 8 percent of leaf 
meal. The total feed required for a unit of gain was practically the same, 
which gave to 1 pound of leaf meal the value of 1.1 pounds of com. 
These trials were conducted under controlled dry-lot conditions with 
feeder pigs which averaged around 80 pounds at the start, and cover- 
ing periods of 62, 61, and 98 days. 

Complex mixed supplements in dry lot. In an effort to develop a 
more efficient supplement for market pigs, Vestal of the Indiana Sta- 
tion began a series of experiments in 1937 and continued through 
.1941, in which studies were made of various combinations of animal 
and plant protein feeds. In Table 57 are given the average results 
secured when the best of these for dry-lot feeding, Purdue Supplement 
5, was compared with a simple supplement composed of 90 percent 
meat and bone scraps and 10 percent alfalfa leaf meal. Purdue Sup- 
plement 5 is a complex mixture made up of 20 percent meat and bone 
scraps, 20 percent menhaden fish meal, 40 percent soybean oil meal, 
10 percent cottonseed meal, and 10 percent alfalfa leaf meal. These 
rations were compared in four winter and four summer dry-lot trials 
with high-grade Duroc pigs fed from an average starting weight of 67 
pounds to market weight. The shelled com, supplements, and minerals 
were self-fed, free-choice. 

• W, G. Kirk and R. M. Crown. Dul. 428, 1947. 

“C. M. Vestal, Bui. 508, 1946. 
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Table 57. Meat and Bone Scraps Compared with Complex Supplement 
5, Hry hat 

{Average 8 Experiments) 




Daily Feed 


Feed Required 


Initial 

Consump- 

Daily 

to Produce 

Rations 

Weight 

tion 

Gain 

1 Cwt. Gain 

Sh. y. corn, self-fed, + 

Ib. 

Ib. 

Ib. 

lb. 


meat and bone scraps 




Corn 

365 

90%, Alfalfa leaf m. 




Supplement 

42 

10%, self-fed, -f min- 
erals, self-fed 

67 

5.62 

1.38 

Minerals 

0.4 

Total 

407.4 




Sh. y. corn, self-fed, -f- 




Corn 

333 

Purdue Supplement 5, 




Supplement 

40 

self-fed, minerals, 

self-fed 

67 

6.35 

1.70 

Minerals 

0.8 

Total 

373.8 






In every year, the pigs which received Purdue Supplement 5 gained 
faster and used their feed mote efBcientiy. They ale 13 percent more 
feed daily, gained 23 percent faster, and made a unit of gain on 8 per- 
cent less feed. Also, these pigs were generally more uniformly finished. 

It is worthy of note that, although the amount of alfalfa leaf meal 
provided represented only 1 percent of the rations, the pigs in both 
lots remained thrifty during the entire period. At no lime in any of 
the eight experiments was there observed any evidence of skin trouble, 
lameness, stiffness, or lack of thrift. In this connection it is important 
to note that these pigs were on rye or alfalfa pasture up to weaning 
lime, and on alfalfa pasture from the time they were weaned until they 
went into the experimental dry lots at an average weight of 67 pounds. 

Other studies by Vestal, made under the same experimental condi- 
tions, showed that when the fish meal of Supplement 5 was wholly re- 
placed by meat and bone scraps, by increasing the percentage of the 
Uuer in ihe supplement front 20 to 40, the results were considerably 
less s;uisfactor>'. When half the fish meal was replaced by increasing 
the meat and bone scraps from 20 to 30 percent, the results in rate 
and economy of gains were practically identical, based on the averages 
of three experiments. In three other trials replacing one-half of the fi^h 
meal with dried sVim milk proved equally salLfaclor>’. In five etperi- 
n'.enii \'c>ul found that the simpler supplcmenla! niivlure composed 
of -;u jvrtccni n'.eat und K’ne veraj^, 50 percent sovbcun oil mejl, and 
10 jVKeai alfalfa leaf meal vcnicrthal valuable than Supple- 
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ment 5, as shown by the difference in daily rate of gain of 1.54 and 
1.70 pounds, and of feed required to produce 100 pounds of gain of 
380 and 369 pounds, although the results were more satisfactory than 
those fed the supplement of the check ration made up of 90 percent 
meat and bone scraps ahd 10 percent alfalfa leaf meal. 

Aubel of the Kansas Station “ compared various complex mixtures 
of protein feeds with tankage and alfalfa hay for pigs fed in the dry 
lot from 70 pounds to market weight. All of the mixtures proved 
somewhat better than the supplement of tankage and alfalfa alone, al- 
though the amount of alfalfa supplied in the latter amounted to 6 per- 
cent of the ration, while in the complex mixtures it represented less 
than lli percent. The fastest and cheapest gains were made with the 
supplement composed of 20 percent of tankage, 20 percent fish meal, 
50 percent soybean oil meal, and 10 percent alfalfa hay. 

Robison of the Ohio Station *- in three dry-lot experiments, found 
that the supplement of equal parts soybean oil meal and tankage was 
fully equal to one composed of equal parts linseed meal and tankage 
for balancing corn, each ration containing about 4 percent of alfalfa 
meal and minerals. Also, in four trials he secured faster and cheaper 
gains when the supplement was made up of equal parts soybean oU 
meal and tankage than when they were mixed in the ratio of two parts 
of soybean oil meal to one of tankage. 

In a 94-day dry-lot experiment with fall pigs of an average initial 
weight of 58 pounds. Weaver of the Missouri Station's compared 
tankage with various combinations of tankage, linseed meal, cotton- 
seed meal, and shorts as supplements to a corn-mineral ration. The 
results showed no significant differences either in the rate or economy 
of gain due to the supplements fed. 

Complex supplements on pasture. Any difference in favor of the 
complex mixtures of animal and plant supplements over the more 
simple ones, such as the trio or similar combinations, when fed in the 
dry lot, would be expected largely to disappear under pasture condi- 
tions. This is so because of the demonstrated richness of fresh green 
forage in those food factors of a vitamin character, some of which 
probably are lack'mg in sufficient amounts in dry-lot rations to meet 
fully the nutritional requirements. In fact, there are present in fresh 
forages desirable food factors which still are unidentified. 


“C. E. Aubel, Cir. 207. 1941. 

uW, L. Robison, Nfonlhly Bui. 223, 1943. 

**L.*A 4 Weaver, Mimeo Rpt., Apr., 1942. 
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Complex and simple suppicmenfs compared on pastnre. Probably 
the most extensive experimental work in which a comparison was 
made of simple and complex mixtures as supplements to corn for 
growing and fattening pigs on pasture was conducted by Vestal of the 
Indiana Station from 1937 to 1942.*'* In Table 58 are summarized the 
results of six years’ work in each of which three lots of spring pigs 
were fed from an average of 68 pounds to market weight on alfalfa 
pasture and the three following types of supplements; (a) meat and 
bone scraps; (b) meat and bone scraps, 50 percent, and soybean oil 
meal, 50 percent, and (c) Supplement C. The latter, which is similar 
to the dry-lot Supplement 5, is composed of 20 percent meat and 
bone scraps, 20 percent soybean oil meal, 1 0 percent cottonseed meal, 
and 10 percent linseed meal. The corn, supplements, and minerals 
were all self-fed, free-choice. 


Table 58. Meat and Bone Scraps Compared with More Complex 
Supplements on Alfalfa Pasture 
(Average 8 Experiments) 


Rations 

Initial 

Weight 

Daily Feed 
Consump- 
tion 

Daily 

Cain 

Feed Required 
to Produce 

1 Cwt. Cain 

Shelled corn, selMeU, + 

lb. 

Ib. 

lb. 

lb. 


meat and bone scraps, 




Corn 

327 

self-fed 

68 

5.60 

1.62 

Supplement 

18 





Minerals 

0.7 





Total 

345.7 

Shelled corn, self-fed, + 




Corn 

317 

meat and bone scraps 




Supplement 

29 

Vi, soybean oil m. Vi, 




Minerals 

0.9 

self-fed 

68 

5.90 

1.70 







Total 

346 9 

Shelled corn, self-fed, + 




Corn 

310 

Supplement C, self- 




Supplement 

35 

fed 

68 

6.13 

1.77 

.Minerals 

1 4 





Total 

346 4 


The only advantage which the more complex Supplement C can 
claim over the more simple ones in ihoc experiments is that it proved 
more palatable and the gains were somewhat more rapid. The total 
drj' feed required for 100 pounds of gain was the same for all lots, be- 
cause of the overconsumption of Supplement C, however, the feed 


‘•c. M. VcaJ. U-1. 50i. 
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ment 5, as shown by the difference in daily rate of gain of 1.54 and 
1.70 pounds, and of feed required to produce 100 pounds of gain of 
380 and 369 pounds, although the results were more satisfactory than 
those fed the supplement of the check ration made up of 90 percent 
meat and bone scraps abd 10 percent alfalfa leaf meal. 

Aubel of the Kansas Station compared various complex mixtures 
of protein feeds with tankage and alfalfa hay for pigs fed in the diy 
lot from 70 pounds to market weight. All of the mixtures proved 
somewhat better than the supplement of tankage and alfalfa alone, al- 
though the amount of alfalfa supplied in the latter amounted to 6 per- 
cent of the ration, while in the complex mixtures it represented less ■ 
than VA percent. The fastest and cheapest gains were made with the 
supplement composed of 20 percent of tankage, 20 percent fish meal, 
50 percent soybean oil meal, and 10 percent alfalfa hay. 

Robison of the Ohio Station t- in three dry-lot experiments, found 
that the supplement of equal parts soybean oil meal and tankage was 
fully equal to one composed of equal parts linseed meal and tankage 
for balancing corn, each ration containing about 4 percent of alfalfa 
meal and minerals. Also, in four trials he secured faster and cheaper 
gains when the supplement was made up of equal parts soybean oil 
meal and tankage than when they were mixed in the ratio of two parts 
of soybean oil meal to one of tankage. 

In a 94-day dry-lot experiment with fall pigs of an average initial 
weight of 58 pounds, Weaver of the Missouri Station compared 
tankage with various combinations of tankage, linseed meal, cotton- 
seed meal, and shorts as supplements to a corn-mineral ration. The 
results showed no significant differences either in the rate or economy 
of gain due to the supplements fed. 

Complex supplements on pasture. Any difference in favor of the 
complex mixtures of animal and plant supplements over the more 
simple ones, such as the trio or similar combinations, when fed in the 
dry lot, would be expected largely to disappear under pasture condi- 
tions. This is so because of the demonstrated richness of fresh green 
forage in those food factors of a vitamin character, some of which 
probably are lacking in sufficient amounts in dry-lot rations to meet 
fully the nutritional requirements. In fact, there are present in fresh 
forages desirable food factors which still are unidentified. 


lie E. Aubel, Cir. 207, 1941. 

u-W L. Robison, Monthly But. 223, 1943. 

“L.'a. Weaver, Miraeo Rpt., Apr., 1942. 
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Complex and simple supplements compared on pasture. Probably 
the most extensive experimental work in which a comparison was 
made of simple and complex mixtures as supplements to corn for 
growing and fattening pigs on pasture was conducted by Vestal of the 
Indiana Station from 1937 to 1942. In Table 58 are summarized the 
results of six years’ work in each of which three lots of spring pigs 
were fed from an average of 68 pounds to market weight on alfalfa 
pasture and the three following types of supplements: (a) meat and 
bone scraps; (b) meat and bone scraps, 50 percent, and soybean oil 
meal, 50 percent, and (c) Supplement C. The latter, which is similar 
to the dry-lot Supplement 5, is composed of 20 percent meat and 
bone scraps, 20 percent soybean oil meal, 1 0 percent cottonseed meal, 
and 10 percent linseed meal. The com, supplements, and minerals 
were all self-fed, free-choice. 


Table 58. Meat and Bone Scraps Compared with More Complex 
Supplements on Alfalfa Pasture 
(Average 8 Experiments) 




Daily Feed 


Feed Required 


Initial 

Consump’ 

Daily 

to Produce 

Rations 

Weight 

iion 

Gain 

1 Cwt. Cain 

Shelled corn, self -fed, + 

tb. 

lb. 

lb. 

lb. 


meat and bone scraps, 




Corn 

327 

self-fed 

68 

5.60 

1.62 

Supplement 

18 





Minerals 

0.7 





Total 

345.7 

Shelled corn, self-fed, -f 




Corn 

317 

meat and bone scraps 




Supplement 

29 

Vj, soybean oil m. Vj, 
self-fed 

68 

5.90 

1.70 

Minerals 

0.9 

Total 

346.9 




Shelled corn, self-fed, 




Corn 

310 

Supplement C, self- 




Supplement 

35 

fed 

63 

6.13 

1.77 

MineruK 

{ 4 





Total 

346 4 


The only adv;intage which the more complex Supplement C can 
claim over the more simple ones in these experiments is that it proved 
more palatable and the gains were somewhat more rapid. The total 
dr>’ feed required for 100 pounds of gain was the same for all lub. Be- 
cause of the overconsumption of Supplement C, however, the feed 


C. M. UaL 50i. 1SW6. 





204 PORK PRODUCTION 

ment 5 , as shown by the difference in daily rate of gain of 1.54 and 
1.70 pounds, and of feed required to produce 100 pounds of gain of 
380 and 369 pounds, although the results were more satisfactory than 
those fed the supplement of the check ration made up of 90 percent 
meat and bone scraps abd 10 percent alfalfa leaf meal. 

Aubel of the Kansas Station compared various complex mixtures 
of protein feeds with tankage and alfalfa hay for pigs fed in the dry 
lot from 70 pounds to market weight. All of the mixtures proved 
somewhat better than the supplement of tankage and alfalfa alone, al- 
though the amount of alfalfa supplied in the latter amounted to 6 per- 
cent of the ration, while in the complex mixtures it represented less 
than IV^ percent. The fastest and cheapest gains were made with the 
supplement composed of 20 percent of tankage, 20 percent fish meal, 
50 percent soybean oil meal, and 10 percent alfalfa hay. 

Robison of the Ohio Station in three dry-lot experiments, found 
that the supplement of equal parts soybean oil meal and tankage was 
fully equal to one composed of equal parts linseed meal and tankage 
for balancing corn, each ration containing about 4 percent of alfalfa 
meal and minerals. Also, in four trials he secured faster and cheaper 
gains when the supplement was made up of equal parts soybean oil 
meal and tankage than when they were mixed in the ratio of two parts 
of soybean oil meal to one of tankage. 

In a 94-day dry-lot experiment with fall pigs of an average initial 
weight of 58 pounds, Weaver of the Missouri Station compared 
tankage with various combinations of tankage, linseed meal, cotton- 
seed meal, and shorts as supplements to a corn-mineral ration. The 
results showed no significant differences either in the rate or economy 
of gain due to the supplements fed. 

Complex supplements on pasture. Any difference in favor of the 
complex mixtures of animal and plant supplements over the more 
simple ones, such as the trio or similar combinations, when fed in the 
dry lot, would be expected largely to disappear under pasture condi- 
tions. This is so because of the demonstrated richness of fresh green 
forage in those food factors of a vitamin character, some of which 
probably arc lacking in. sufficient amounts in dry-lot rations to meet 
fully the nutritional requirements. In fact, there are present in fresh 
forages desirable food factors which still are unidentified. 


“C. E. Aubel. Cir. 207, 1941. 

” W. L. Robison, Ntomhiy Bui. 223, 1943. 
“L. A. Weaver, Mimeo Rpi., Apr., 1942. 
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Complex and simple supplements compared on pasture. Probably 
the most extensive experimental work in which a comparison was 
made o£ simple and complex mixtures as supplements to com for 
growing and fattening pigs on pasture was conducted by Vestal of the 
Indiana Station from 1937 to 1942.*^ In Table 58 are summarized the 
results of six years’ work in each of which three lots of spring pigs 
were fed from an average of 68 pounds to market weight on alfalfa 
pasture and the three following types of supplements; (a) meat and 
bone scraps; (b) meat and bone scraps, 50 percent, and soybean oil 
meal, 50 percent, and (c) Supplement C. The latter, which is similar 
to the dry-lot Supplement 5, is composed of 20 percent meat and 
bone scraps, 20 percent soybean oil meal, 10 percent cottonseed meal, 
and 10 percent linseed meal. The corn, supplements, and minerals 
were all self-fed, free-choice. 


Tabic 58. Meat and Bone Scraps Compared with More Complex 
Supplements on Alfalfa Pasture 
(Average 8 Experiments) 




Daily Feed 


Feed Required 


Initial 

Consump- 

Daily 

to Produce 

Rations 

Weight 

tion 

Gain 

1 Cwt. Cain 

Shelled corn, self*£ed, 

lb. 

lb. 

lb. 

lb. 


meat and bone scraps. 




Corn 

327 


68 

5.60 

1.62 

Supplement 

18 





Minerals 

0.7 





Total 

345.7 

Shelled corn, self -fed, -)- 




Corn 

317 

meat and bone scraps 




Supplement 

29 

%, soybean oil m. %, 

68 

5.90 

1.70 

Minerals 

0.9 

self-fed 

Total 

346.9 




Shelled corn, self -fed, 




Corn 

310 

Supplement C, self- 
fed 

68 

6.13 

1.77 

Supplement 

Minerals 

35 

1.4 





Total 

346.4 
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cost of the gains was highest in this lot, and lowest in the lot which 
received meat and bone scraps alone. The extra pounds consumed of 
the more complex supplements replaced only an equal number of 
pounds of com. 

Results secured by Robison of the Ohio Station in two similar 
experiments, conducted in 1932 and 1933, were less favorable to the 
complex mixture. He compared tankage alone with a mixture made 
up of tankage, fish meal, dried skim milk, cottonseed meal, soybean 
oil meal, and linseed meal. Shelled com was fed in one experiment and 
ground com in the other. The pigs were on clover or rape, and were 
fed from an average starting weight of 58 pounds to a final weight of 
about 210 pounds. The average daily rate of gain for the lot receiving 
tankage alone was 1.27 pounds; for those receiving the complex mix- ' 
ture it was 1.26 pounds. The amount of feed, not including the forage, 
required to produce 100 pounds of gain was 344 and 345, respec- 
tively. Two later trials by Robison, in 1939 and 1940, gave results 
which slightly, but not significantly, favored the pigs fed the complex 
mixture. 

Self-feeding complex supplements not always advisable. When a 
complex mixture of high-class animal- and plant-protein feeds similar 
to the above is self-fed free-choice along with com, it often results, 
because of its palatability, in unnecessarily heavy consumption and 
consequently increased feed costs.“This is especially true when grains 
other than com are fed. By grinding the grain and mixing it with the 
supplement in proper proportion this can be avoided. Another method 
which permits the self-feeding of the supplement is that of replacing 
half the supplement with ground oats. Excessive consumption of the 
expensive protein feeds has been successfully prevented also by self- 
feeding the supplement and minerals together after mixing the two in 
the ratio of about 5 to 1, This latter method, however, generally is not 
to be recommended because of the difficulty of adjusting the propor- 
tions under different conditions so that there will be no excess con- 
sumption of either. 

In dry-lot feeding, when alfalfa meal is fed mixed with the supple- 
ment in an amount to represent about 10 percent by weight of the 
ration as a whole, as is desirable, the consumption of the supplement 
when self-fed usually will not be greater than needed. This would 
mean a proportion of one part alfalfa to from one to two parts of the 
supplement. 

IS \v. L. Robison, BuL 552, 1935, 
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Commercial mixed feeds and supplcmcnls. The Census of Manufac- 
facturcs reports that the prepared animal feeds shipped in the 
United States in 1947 had a value totaling $2,215,044,000. 

In 1948 fanners in the state of Indiana alone spent over 100 million 
dollars for one million tons of commercial feeding stuffs.'" Approxi- 
mately three-fourths of this was for mixed feeds, and one-fourth for 
the straight single protein by-products, including alfalfa meal, such as 
tankage, meat scraps, fish meal, soybean oil meal, linseed meal, cot- 
tonseed meal, middlings, and bran. Of the mixed feeds, hogmen were 
credited with the purchase of 163,000 tons at a cost, in round num- 
bers, of 100 dollars per ton. 

Compared with the farm-mixed supplements made up of single 
standard high-grade animal- and plant-protein feeds, the commercial 
mixed supplements, as a general rule, include in addition to these, 
numerous mineral and vitamin additions. The minerals include not 
only calcium, phosphorus, and iodized salt, but also iron and most of 
the so-called trace elements. The vitamins include, as a rule, A, D, 
and six or seven of those contained in the so-called B-compIex group. 
Molasses also is an ingredient of most of them. Four of the most 
popular brands sold in Indiana had fiber contents ranging from 8 to 
12 percent, which is not excessive. 

Most of the popular brands of commercial mixed feeds now carry a 
protein content varying from 30 to 42 percent, and have been de- 
signed to supplement the farm grains. Most companies also put out a 
second type of feed which is designed to substitute for, rather than 
to supplement, the farm feed supply. These are “complete” and con- 
tain grains and mill by-products, in addition to the high-grade pro- 
tein feeds, in such proportions that the amount of protein in the mix- 
ture is about 14 to 20 percent. These also generally are fortified with 
the minerals and vitamins known to be essential, or are suspected of 
having some value. 

Suggested rules in the purchase of protein supplements. The hog- 
man annually is confronted with the problem of deciding which is 
the cheapest and most efficient means of securing the protein supple- 
ments that are necessary to balance his home-grown feed supply. Ob- 
servation of the following principles or general rules is suggested as a 
help in this connection: 

1. The purchase of some protein-rich feeds is necessary on the hog 

**U.S. Dept, of Commerce, Bureau of Census. 1949. 

”Ind. Exp. Sla., Cir. 351, 1949. 
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cost o£ the gains was highest in this lot, and lowest in the lot which 
received meat and bone scraps alone. The extra pounds consumed of 
the more complex supplements replaced only an equal number of 
pounds of com. 

Results secured by Robison of the Ohio Station in two similar 
experiments, conducted in 1932 and 1933, were less favorable to the 
complex mixture. He compared tankage alone with a mixture made 
up of tankage, fish meal, dried skim milk, cottonseed meal, soybean 
oil meal, and linseed meal. Shelled com was fed in one experiment and 
ground com in the other. The pigs were on clover or rape, and were 
fed from an average starting weight of 58 pounds to a final weight of 
about 210 pounds. The average daily rate of gain for the lot receiving 
tankage alone was 1.27 pounds; for those receiving the complex mix- ' 
ture it was 1.26 pounds. The amount of feed, not including the forage, 
required to produce 100 pounds of gain was 344 and 345, respec- 
tively. Two later trials by Robison, in 1939 and 1940, gave results 
which slightly, but not significantly, favored the pigs fed the complex 
mixture. 

Sclf-fccding complex supplements not always advisable* When a 
complex mixture of high-class animal- and plant-protein feeds similar 
to the above is self-fed free-choice along with corn, it often results, 
because of its palatability, in unnecessarily heavy consumption and 
consequently increased feed costs.'This is especially true when grains 
other than com are fed. By grinding the grain and mixing it with the 
supplement in proper proportion this can be avoided. Another method 
which permits the self-feeding of the supplement is that of replacing 
halt the supplement with ground oats. Excessive consumption of the 
expensive protein feeds has been successfully prevented also by self- 
feeding the supplement and minerals together after mixing the two in 
tlie ratio of about 5 to 1. This latter method, however, generally is not 
to be recommended because of the difficulty of adjusting the propor- 
tions under different conditions so that there will be no excess con- 
sumption of cither. 

In dry-lot feeding, when alfalfa meal is fed mixed with the supple- 
ment in an amount to represent about 10 percent by weight of the 
ration as a whole, as is desirable, the consumption of the supplement 
when self-fed usually will not be greater than needed. This would 
mean a proportion of one part alfalfa to from one to two parts of the 
supplement. 

“W. L. Robison. DuL 3S:. 19J5. 
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Commercial mixed feeds and supplements. The Census of Manufac- 
facturcs reports that the prepared animal feeds shipped in the 
United States in 1947 had a value totaling $2,215,044,000. 

In 1948 farmers in the state of Indiana alone spent over 100 million 
dollars for one million tons of commereial feeding stuffs." Approxi- 
mately three-fourths of this was for mixed feeds, and one-fourth for 
the straight single protein by-products, including alfalfa meal, such as 
tankage, meat scraps, fish meal, soybean oil meal, linseed meal, cot- 
tonseed meal, middlings, and bran. Of the mixed feeds, hogmen were 
credited with the purchase of 163,000 tons at a cost, in round num- 
bers, of 100 dollars per ton. 

Compared with the farm-mixed supplements made up of single 
standard high-grade animal- and plant-protein feeds, the commercial 
mixed supplements, as a general rule, include in addition to these, 
numerous mineral and vitamin additions. The minerals include not 
only calcium, phosphorus, and iodized salt, but also iron and most of 
the so-called trace elements. The vitamins include, as a rule. A, D, 
and six or seven of those contained in the so-called B-complex group. 
Molasses also is an ingredient of most of them. Four of the most 
popular brands sold in Indiana had fiber contents ranging from 8 to 
12 percent, which is not excessive. 

Most of the popular brands of commercial mixed feeds now carry a 
protein content varying from 30 to 42 percent, and have been de- 
signed to supplement the farm grains. Most companies also put out a 
second type of feed which is designed to substitute for, rather than 
to supplement, the farm feed supply. These are “complete” and con- 
tain grains and mill by-products, in addition to the high-grade pro- 
tein feeds, in such proportions that the amount of protein in the mix- 
ture is about 14 to 20 percent. These also generally are fortified with 
the minerals and vitamins known to be essential, or are suspected of 
having some value. 

Suggested rules in the purchase of protein supplements. The hog- 
man annually is confronted with the problem of deciding which is 
the cheapest and most efficient means of securing the protein supple- 
ments that are necessary to balance his home-grown feed supply. Ob- 
servation of the following principles or general rules is suggested as a 
help in this connection: 

1. The purchase of some protein-rich feeds is necessary on the hog 

“U.S. Dcpl. of Commerce. Bureau of Census. 1»J9. 

"InJ. Esp. Sta., Cir. 351. 1949. 
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MINERAL DEFICIENCY OF THE CEREAL GRAINS 
Corn alone is lacking in bone-making material. Corn and the other 
cereal grains are not only deficient in the amount and quality of their 
proteins to meet the needs of the growing pig, but they are also seri- 
ously lacking in certain minerals, particularly calcium or lime, and 
common salt. 

An experiment conducted by Burnett of the Nebraska Experiment 
Station in 1907 shows the effect of feeding mineral-deficient rations 
on the growth and strength of bone of growing pigs. Beginning 
August 2, and continuing for 154 days, he fed 20 pigs in live groups 
of four each the rations shown in Table 59, The pigs averaged 62 
pounds at the start. During the first 84 days, or for more than one-half 
of the experimental period, all lots were on alfalfa pasture; for the re- 
mainder of the time they were confined to dry lots. The alfalfa, being 
rich in vitamins and bone-making materials, had the effect here of 
protecting the pigs fed the mineral-deficient rations against the devel- 
opment of the more severe cases of malnutrition, such as rachitis and 
posterior paralysis. In Table 59 are shown the mote important results 
from this study. 

Table 59. The Effects of Mineral-dcficteiit Rations on the 
Size aod Strength of Bone 

A verase 

Average Average Percent- Breaking 


Rations Fed 


Average 

iVeight 

of 

Green 
Bones in 
Grams*^ 

Circum- 

ference 

of 

Bones 
in Milli- 
meters 

Thick- 
ness of 
Bone 
Wall in 
Milli- 
meters 

age of 
Mineral 
Matter 
in 

Green 

Bone 

Strength 
of Bones 
per JOO 
Lb, Live 
Weight 
of Pigs 

Corn meal 

100% 

1,097 

73.0 

2.8 

25.4 

325 

Corn meal 

Shorts 

75% 

25% 

1,044 

69.9 

2.9 

27.8 

396 

Corn meal 

Skim milk 

25% 

75% 

1,233 

71,3 

3.7 

32.7 

509 

Corn meal 
Tankage 

90% 

10% 

1,219 

73.6 

3.7 

35.5 

580 

Corn meal 
Ground bone 

90% 

10% 

1,196 

71.6 

4.1 

37.2 

681 


•The abose figures were obtained by averaging the data for ihc foUowujg bones 
of each pig: two femur, two tibia, two humerus, and two ulna and raJiui. 


E. A. Burnett, Bui. 107, I90S. 
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farm, but because of their cost, their use should be restricted to the 
minimum, consistent with production results. 

2. Other factors being the same, those feeds should be preferred 
which furnish a unit of protein at the lowest cost. 

3. Generally, the feeds which supply the protein in the most con- 
centrated form are the most economical, since it permits a larger pro- 
portion of the ration to be made up of corn and other farm-grown 
feeds. 

4. By the discriminating purchase of single standard high-protein 
feeds, and the use of prime alfalfa or other legume hay and green for- 
age, the informed farmer can usually mix his own supplements 
cheaper than he can buy them ready-mixed. 

5. As with brood sows, the mineral needs of growing and fatten- 
ing pigs can, as a rule, he provided more economically and effectively 
in simple home-made mixtures than by purchasing them in com- 
mercial mixed feeds. Likewise, the essential vitamins can be supplied 
more economically in farm-grown feeds and animal or lish supple- 
ments. 

6. In the purchase of commercial mixed supplements, attention 
should be given to the manufacturer’s guarantee concerning its chem- 
ical analysis and the identity of the ingredients contained in the mix- 
ture, as stated on the state chemist’s official tag. A high percentage of 
protein means a low proportion of carbohydrates, which the farm 
normally supplies in abundance, while a low fiber content ensures the 
absence of a “filler” or low-grade products of little or no feeding 
value. 

7. Feeders should consult with their experiment station workers 
more generally than they do. They will be better advised on feeding 
problems by research men in the field of nutrition than by those whose 
main concern is to promote the sale of their own particular brand of 
feed. 

Experiment stations have not undertaken systematic feeding trials 
to test the value of commercial mixed feeds. This is because of the 
great variety and also the feeling that the respective brands may not, 
as the result of price fluctuations in the products used in their manu- 
facture, remain constant in composition and quality from year to 
year. A favorable experimental showing for a particular brand would 
give opportunity to the unscrupulous manufacturer to take advantage 
of the results by cheapening the feed subsequently, despite the neces- 
sity of complying with the state feed-control regulations. 
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M1NER,VL DEFICIENCY OF THE CEREAL GRAINS 

Corn alone is lacking in bone-making material. Corn and the other 
cereal grains are not only deScient in the amount and quality of their 
proteins to meet the needs of the growing pig, but they are also seri- 
ously lacking in certain minerals, particularly calcium or lime, and 
common salt. 

An experiment conducted by Burnett of the Nebraska Experiment 
Station in 1907 shows the effect of feeding mineral-deficient rations 
on the growth and strength of bone of growing pigs. Beginning 
August 2, and continuing for 154 days, he fed 20 pigs in five groups 
of four each the rations shown in Table 59. The pigs averaged 62 
pounds at the start. During the first 84 days, or for more than one-half 
of the experimental period, all lots were on alfalfa pasture; for the re- 
mainder of the time they were confined to dry lots. The alfalfa, being 
rich in vitamins and bone-making materials, had the effect here of 
protecting the pigs fed the mineral-deficient rations against the devel- 
opment of the more severe cases of malnutrition, such as rachitis and 
posterior paralysis. In Table 59 are shown the more important results 
from this study. 


Table 59. The Effects of MincralodeficleDt Rations on the 
Size and Strength of Bone 


Rations Fed 


A verage 
Weight 
of 

Green 
Bones in 
Grams ® 

A verage 
Circum- 
ference 
of 

Bones 
in Milli- 
meters 

Average Percent- 
Thick- age of 
ness of Mineral 
Done Matter 
Wall in in 

Milli- Green 
meters Bone 

A verage 
Breaking 
Strength 
of Bones 
per 100 

Lb. Live 
Weight 
of Pigs 

Corn meal 

100% 

1,097 

73.0 

2.8 

25.4 

325 

Corn meal 

Shorts 

75% 

25% 

1,044 

69.9 

2.9 

27.8 

396 

Corn meal 

Skim milk 

25% 

75% 

1,232 

71.3 

3.7 

32.7 

509 

Corn meal 
Tankage 

90% 

10% 

1,219 

73.6 

3.7 

35.5 

580 

Corn meal 
Ground bone 

90% 

10% 

M96 

71.6 

4.1 

37.2 

681 


•The abo>c figures were obtained by averaging the data for the following bonci 
of each pigi two femur, two tibia, two hiuncru^ and two ulna and raJius. 


>'E. A. Burnett, Bui. 107, 1905. 
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Although these pigs were confined to dry lots during the last 70 
days only of the feeding period, several striking differences are ap- 
parent in the results. The breaking strength of the bones of the pigs 
fed skim milk, tankage, or ground bone, with corn, was from 56 to 
109 percent greater than for the pigs fed corn alone. This greater 
strength was not due to larger apparent size, but to a thicker bone 
wall and a denser structure of the bone material. The difference in the 
percentage of mineral matter contained in the bones and the thickness 
of the bone wail was marked. Adding 25 percent of shorts to a com 
ration had little effect on the strength or composition of the bone 
produced compared with corn alone because, like com, this feed is 
very deficient in calcium or lime. 



Fig. 37, Stiffness, lameness, rheu- 
matism, crampiness, rachitis, or bone 
fractures may result when pigs are fed 
rations deficient in bone-building in- 
gredients. At the left is a normal ham 
bone or femur; the shaft is strong and 
the wall dense and hard. At the right 
is a fractured femur of a pig fed a ra- 
tion seriously deficient in calcium or 
lime, which resulted in the production 
of bone tissue of a soft and porous 
character (Ohio Exp. Sta., Bui. 395, 
1926). 


This experiment supplies positive evidence of the bone-building 
deficiency of corn. Chemical analyses have made it clear that this is 
due chiefly to its very low calcium or lime content. The practical effect 
of adding the tankage or skim milk was not only to supply needed 
proteins, but to furnish the calcium and other mineral elements which 
com lacks so seriously. Other studies by Burnett and similar studies 
by Carlyle and Forbes have given results which confirm those 
reported here, 

”\V. J. Carlyle, Wis, Exp. Sia-, Bui. 104, 1903. 

Forbes, Ohio Exp. Sta.. Dul. 213 and 283. 
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Limc-dcficicnt rations produce rachitis. Nutrition studies by Evans 
of the Animal Nutrition Institute, Cambridge University furnish 
material which demonstrates the mineral poverty of the common 
cereal grains, particularly in calcium, and the relation of this defi- 
ciency to the development of rachitis in growing pigs. Under carefully 
controlled conditions he fed one group of weanling pigs on a ration 
composed of barley and com, balanced with a mixture of animal and 
plant proteins and common salt, adequate in all respects except in its 
supply of lime or calcium. To another similar group he fed the same 
ration with a generous addition of ground limestone, which contained 
85 percent calcium carbonate. T^e latter was fed mixed with the other 
feeds in an amount sufficient to make it I percent of the ration. To 
make certain that the results would not be affected by other than the 
calcium factor the pigs were confined to concrete-floored pens, ex- 
posed to the sunlight, and fed cod-liver oil regularly to ensure an ade- 
quate supply of vitamins A and D. 

The basal ration was made up in the proportions shown below: 


Barley meal 44.5% 

Maize (corn) meat 44.5% 

Bean meal 3.8% 

Blood meal 6.6% 

Common salt 0.5% 


The results were definite and striking. As the feeding period pro- 
gressed the author observed that the pigs on the low-lime ration 
“showed obvious signs of malnutrition, being periodically ‘off their 
feet,’ with legs bending inward, and with a scurvy, dirty appearance.” 
At the age of seven months these pigs averaged but 71 pounds in 
weight, some of them were losing weight, and all had gone “off their 
feet” and showed typical symptoms of rachitis. Chemical analyses 
made of the bones of representative pigs from the two groups at the 
close of the feeding period showed (he pronounced difference of 12 
percent in their ash content. The bones of the normal pigs were hard, 
while those from the rachitic pigs were soft and porous and could 
easily be scraped with a knife. 

Posterior paralysis produced by calcium and vitamin-deficient ra- 
tions. Extensive studies by Bohstedt and associates at the Ohio Ex- 
periment Station -- of the causes of “stiffness” in pigs brought to light 
the important fact that posterior paralysis is often caused by nutri- 

=■ K. E. Evans. Jr. Asr. Sci. Vol. CO. Part I. 1930. 

” G. Bohstrtll. W. L. Robison. R. M. DrihVc, anU B. H. EOinsIon. Bat. 395. 19.6. 
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tionally deficient rations such as those composed of the cereal grains 
and their by-products. This was long suspected, but never clearly 
demonstrated experimentally. During the 4-year period commencing 
in 1921 he conducted eight series of feeding experiments involving 
the use of a total of 452 pigs. In each of seven series one lot of pigs' 
was fed a basal ration composed of the following feeds: 


Ground -white corn 55 to 75% 

Flour -wheat middlings 9 to 25% 

Linseed oil meal 10 to 20% 

Common salt 0.5 to 1% 


Other lots of similar pigs were fed the same ration with the addition 
of various minerals rich in calcium, and cod-liver oil. The pigs were 
confined to concrete-paved lots, 10 by 12 feet, six to seven in one 
group. The trials began soon after the pigs were weaned, at an average 
weight of 40 pounds, and covered periods for the individual experi- 
ments lasting from 5 to nearly 7 months, some in winter and some in 
summer. 

The basal ration, containing white instead of yellow corn, and in- 
cluding only cereal by-products, was deficient in vitamin A, as well as 
in B-complex and other vitamins, and in lime or calcium. Vitamin D 
was also present in meager amounts, although access to the direct sun- 
shine tended to counteract the effects of its absence. As one might 
expect, the feeding of such a ration for a protracted period proved 
disastrous. None of the pigs fed the basal ration in any of the series of 
tests grew vigorously; most of them had depraved appetites, rough 
coats, wrinkly skins, and were stunted. Toward the end of the feeding 
period the breathing generally became labored and many were stiff.' 
There were eight or more cases of posterior paralysis. Generally, more 
than one-half the pigs died before the termination of the feeding 
period, the immediate cause being pneumonia. Systematic examination 
of the bones in the autopsy studies showed seven cases of fractured 
vertebrae, usually in the loin region, six fractured femurs, many 
“beaded ribs,” abnormalities all suggestive of rachitis and associated 
maladies. 

With reference to the immediate cause of the cases of posterior 
paralysis studied, the authors made the following important observa- 
tion: 

An immediate cause o£ posterior paralysis was found to be fractured verte- 
brae in the lumbar-sacral region of the spinal column. Tbe casM of posterior 
paralysis were associated with poorly calcilied bones, due to a ration low in ccr- 
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Fig. 38. A vertical-longitudinal section through the spinal column showing a 
crushing fracture of the fifth lumbar vertebra, at arrow point, caused by a ration 
deficient in bone-building material. The spinal cord was pinched and posterior 
paralysis resulted. Beginning at the weight of 30 pounds, this pig had been fed 
the calcium-deficient ration of white corn, wheat middlings, linseed meal, and 
common salt for a period of 22 weeks when death occurred (Ohio Exp. Sta., 
But. 395, 1926J. 

tain minerals and vitamins. It appeared as if the weakly constructed lumbar 
vertebrae were unable to withstand any sudden and severe contraction of the 
powerful back muscles, as caused by slipping on the floor or through fright. 
One or another vertebra would thus be subject to a crushing fracture, bulging 
inward and pinching the spinal cord, thus acting as a nerve block for the rear 
extremities. The pigs that were posteriorly paralyzed on the experimental ra* 
tions showed no kidney worms on autopsy. 

Because of the fad that the basal tation was deficient in two im- 
portant particulars, namely in vitamins and calcium, it was not pos- 
sible to assign exact causes for all the specific effects observed. That 
the deficiency in calcium was one of the chief nutritional factors re- 
sponsible for the bone troubles, however, was shown by the fact that 
when ground limestone was added to the basal ration in an amount 
sufficient to make it 2 percent of the ration, the pigs grew much better 
and their bone development was practically normal. The lack of vita- 
mins in this ration, however, resulted in the death of a number of in- 
dividuals during the latter end of the experimental period. Supplying 
cod-liver oil alone, which is rich both in vitamin A and D, with the 
basal ration in an amount equal to 1 percent of the grain, did not 
prevent fractures of the bones unless calcium salt was fed with it. 
When both calcium and cod-liver oil were fed, the pigs nude rapid 
and uniform growth and were undisturbed by bone fracturci or res- 
piratory troubles. 
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Common salt is required for health and growth. Animals that live 
primarily on vegetable feeds display a natural craving for salt. Even 
when the ration of the pig is supplemented with animal-protein feeds, 
he will eat a considerable quantity when offered it free-choice. Gen- 
erally, it has been taken for granted that all classes of hogs should be 
given salt in addition to their regular rations. Until fairly recently, 
however, there was lacking a practical demonstration of its impor- 
tance in the diet of the pig. 

Experiments carried on by Vestal of the Indiana Station supplies 
information of this kind. In four dry-lot trials a basal ration of shelled 
com, a plant supplement composed of 90 percent soybean oil meal 
and 10 percent alfalfa leaf meal, and a mineral mixture made up of 
equal parts pulverized limestone and steamed bone meal, was self-fed, 
free-choice, to two lots of pigs. One lot received in addition loose salt 
in a self-feeder; the second lot got none. The pigs of each group num- 
bered from 7 to 15 in the different years, and were fed for periods 
averaging 83 days from an average initial weight of 64 pounds. A 
summary of the results obtained is shown in Table 60. 


Table 60. Salt versus No Salt for Pigs in the Dry Lot 

(A verage 4 Experiments) 


Rations 

Daily Feed 
Consump- 
tion per 

Pig 

Daily 
Gain 
per Pig 

Feed Required 
for 1 Cwt. Gain 

Cost per 

1 Cut. Gain 


ih. 

lb. 

lb. 



Sh. corn -f- supple- 



Corn 

444 


ment -f mineral 



Supplement 

105 


mix. No SALT 

4.98 

0.89 

Minerals 

10 

$16.46 




Total 

559 


Sh. corn + supple- 



Corn 

305 


ment -f- mineral 



Supplement 

67 


mix. -f Salt 

6.14 

1.64 

Minerals 

0.69 

$11.17 




Salt 

1.70 





Total 

374.39 



The effect of the added salt in each of the tour trials was striking. 
Compared with those which got no salt, the salt-fed pigs, on the aver- 
age, ate 23 percent more feed and gained at nearly double the rate on 

“C. M. Vestal, Mimeo. No. 18, 1945; Mimeo. No. 20. 1946; Mimeo. No. 2J, 1947; 
and Mimeo. No. 28, 1947. 
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33 percent less feed. The difference o£ $5.29 in the cost of 100 pounds 
of gain gave to 1 pound of salt the value of $3.1 1 ! 

The pigs without salt showed early signs of restlessness, poor appe- 
tites, and an interest in foreign substances as food. Apparently in an 



Fig. 39, Salt is essential in the diet of the pig (courtesy. Prof. C. M Vestal, 
Ind. Exp. Sta.; photos by Allen). 

Upper: These pigs received loose salt, self-fed, in addition to a ration of 
shelled corn, self-fed, a supplement of 90 percent soybean oil meal and 10 per- 
cent of alfalfa leaf meal, self-fed, and minerals, equal parts pulverized lime- 
stone and steamed bone meal, self-fed. Average weight, 200 pounds. 

Lower: These pigs received the same dry-lot ration as above, but without 
added salt. Average weight, 138 pounds. 

effort to s.itisfy the craving for salt, they consumed daily approxi- 
mately eight times as much of the mineral mi.xlure as those that had 
salt available. In the lots receiving salt, the amount of it eaten repre- 
sented 0.45 percent of the ration, which, incidentally, was more than 
double the amount consumed of the limestone — bone-meal mixture 
In 1947 Vestal compared two lots under the same conditions a.. 
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those in the above trials, in which the protein supplement in the basal 
ration was composed of equal parts meat and bone scraps and soy- 
bean oil meal alone. As would be expected, because of the higher salt 
content of the meat and bone scraps, the difference in the rate and 
cost of gains between those receiving salt and those not receiving it 
was less marked than that shown in the summarized results above. In 
this trial those having free access to loose salt in a self-feeder gained 
1.70 pounds daily, while those without it gained 1.59 pounds daily. 
The feed required to produce 100 pounds of gain was 373 and 408 
pounds, respectively. The amount' of salt consumed in Lot I repre- 
sented 0,27 percent of the.ration. 

Salt feeding not so necessary with animal supplements, Aube] of 
the Kansas Station in two" dry-lot experiments failed to secure any 
significant response from the addition of salt, free-choice, .to a ration 
composed "of (a) shelled com, tankage, alfalfa hay, self-fed, free- 
choice, or (b) a similar ration self-fed, free-choice, in which the pro- 
tein supplement was 40 percent tankage, 40 percent soybean oil meal, 
10 percent linsfed'oil meal, and 10 percent alfalfa meal. That these 
pigs had a craving' for salt, however, was shown by their consumption 
in the first experiment of an amount equal to 0.53 percent of the ra- 
tion, and in the second of 0.77 percent of the ration. 

Pigs on pasture apparently require srdt. In another Indiana trial a 
comparison was made with three lots of pigs on alfalfa pasture, the 
protein supplement being soybean oil meal. Lot I received no minerals 
and no salt; Lot II received the limestone — bone-meal mineral mix- 
ture but no salt; Lot III was given both the mineral mixture and salt, 
self-fed, free-choice. The rate of gain of the three groups was 1.02, 
1.23, and 1.58 pounds daily, respectively; the total dry feed required 
to produce 100 pounds of gain was 454, 439, and 349 pounds, re- 
spectively. The salt consumed in Lot III amounted to 0.74 percent 
of the ration. 

Some general observations on salt feeding. In the Indiana experi- 
ments the amount of salt consumed when fed free-choice, in addition 
to a mineral mixture composed of equal parts of pulverized limestone 
and steamed bone meal, self-fed, exceeded in every instance the 
amount of the mineral mixture eaten. The average for four dry-lot and 
one pasture experiments showed more than double the consumption 
of salt than of the limestone — bone-meal mixture. Data furnished by 
the experiments conducted by Willman and Morrison of the Cornell 

«C. E. Aubel, Mimeo. Rpts., 1947 and 1948. 
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New York Station make it possible also to observe the amount of 
salt consumed when supplied, free-choice, in addition to the mixture 
composed of two parts ground limestone, two parts steamed bone 
meal, and one part salt, self-fed. All lots were fed in dry-lot well- 
balanced rations, containing both animal and plant supplements, and 
about' 5 percent alfalfa meal. In 116 lots, an average of 1 pound of 
the extra salt supplied free-choice was consumed for each IVz 
pounds of the mixture. 

Assuming that the amount of salt eaten by the pig when offered it 
free-choice is related to his physiological needs, the above observa- 
tions furnish good grounds for the suggestion that the simple mineral 
mixture of 40 percent ground limestone, 40 percent of steamed bone 
meal, and 20 percent of salt would be improved by increasing the 
proportion of salt. At least, it is a basis for recommending that, when 
fed in the above proportions, additional salt be provided in a second 
compartment of the mineral feeder. 

“Salt poisoning” uncommon. In his review of the literature on salt 
tolerance and salt poisoning, Ellis of the U.S. Department of Agricul- 
ture ““ reports the results of an experiment at the Rowett Research 
Institute in Scotland in which feeding as much as 3.3 percent of salt in 
the ration to pigs weighing 60 to 190 pounds failed to produce any 
symptoms of ill health. In trials conducted at the Beltsville Research 
Center, he recites their inability to produce toxic effects with any con- 
sistency. In one series of tests, pairs of pigs were fed diets containing 
0, 1, 2, 4, 8, and 12 percent of salt, respectively. Increasing the level of 
salt beyond 2 percent was found to reduce feed intake and gains. How- 
ever, those receiving 12 percent ate sufficient feed to give them a salt 
consumption approximately of half a pound per day. One pig of the 
pair receiving the 8 percent level showed evidence of salt poisoning on 
the eighty-sixth day. He refused feed for two days and, “when forced 
to move he walked with a hesitant, nervous motion, frothed at the 
mouth, and champed his teeth.” Five days after removal he had re- 
covered 10 pounds in weight and appeared normal, except for blind- 
ness. 

In the Indiana experiments, Vestal attempted to produce salt 
poisoning by giving the salt-starved pigs access to loose salt, meat 
brine instead of drinking water, and plain salt water containing the 
same concentration of salt as the brine, without success. Some of the 

“John I*. Willman and F. B. N!orri>oii. BuL 836. 1947. 

**N. R. Elbs, J90 Year Hoolc of AtncuUure. p. fc03. 
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pigs ofEered loose salt were made sick, but after vomiting, no further 
symptoms were observed. One pig, after 88 days without added salt, 
consumed 9 ounces in 48 hours, another ate 6Vi ounces, while six 
others consumed individually only 1 to IV 2 ounces during this period. 

Charcoal of doubtful value. Willman and Morrison of the Cornell 
New York Station made extensive studies of the value of charcoal 
when fed at the rates of 1 and 3 percent of otherwise satisfactory ra- 
tions to growing and fattening pigs in the dry lot. The results of six 
trials showed that the average daily gain for the pigs which received 
no charcoal was 1.29 pounds, for those receiving 1 percent it was 1.25 
pounds, and for the pigs getting 3 percent it was 1.27 pounds. The 
amount of feed required for 100 pounds of gain in the three respective 
lots was 388, 386, and 397 pounds. Statistical analysis showed that 
any differences were too small to be significant, and hence the conclu- 
sion that the charcoal was neither harmful nor beneficial. 

Trace minerals. The experimental information which we have indi- 
cates that the only minerals which need concern the feeder, with but 
few exceptions, are those contained in otherwise good rations and/or 
in simple mixtures, such as limestone, bone meal, or like materials, 
and salt. Iodized salt should, of course, be fed instead of straight salt 
in the goiterous and semigoiterous areas. The iron supply is of special 
importance for nursing pigs, as has been indicated. 

There are areas of the country, however, where because of natural 
soil peculiarities or where through constant cropping the fertility has 
became seriously depleted, the use of certain oi the trace elements, 
such as iodine, iron, copper, cobalt, zinc, manganese, or magnesium, 
may be needed. Recent studies suggest that these areas are more ex- 
tensive than was formerly supposed. In five experiments carried out 
by Willman and Noland at the Cornell New York Station it was 
shown that, for weanling pigs on concrete floors fed to market weight, 
the addition of the trace minerals iron, copper, cobalt, and zinc to the 
all-plant rations of ground yellow com, soybean oil meal, 10 percent 
of ground alfalfa hay, and iodized salt with a supplement of calcium 
and phosphorus increased the rate of gain from 1.03 pounds daily to 
1.23 pounds, and reduced the amount of feed required to produce one 
hundredweight of gain by 20 pounds. 

Longwcll and Severson of the North Dakota Station,-” as the result 


” John P. Willman anti F. B. Morrison. But. 836, 1947. 

r’John P. Willman and Paul R. Noland. Rcprinl, Farm Research, Vol. XV, No. 4, 
j.^m^Longacll, and A1 Severson, Bimonthly Bui., Vol. VI. No, 4, 1944. 



FOOD DEFICIENCIES OF THE CEREAL GRAINS 219 
of one experiment, reported unfavorably on the use of complex 
mineral mixtures. They secured somewhat faster and cheaper gains 
with the simple mixture of 40 percent steamed bone meal, 40 percent 
ground limestone, and 20 percent salt than with any one of three 
widely sold complex commercial mixtures. 

Commercial mineral feeds. The numerous brands of mineral feeds 
which are offered on the market and the tonnage sold, which repre- 
sented an estimated cost in one state of 1,861,300 dollars in 1948, 
suggest their importance to the feeder. 

These mineral feeds contain not only calcium, phosphorus, iodized 
salt, and most of the trace minerals, but generally also various appe- 
tizers, tonics, laxatives, worm-expellers, charcoal, and sulphur. Sum- 
ming up their extensive review of the literature, with particular refer- 
ence to the use of medicated mixed minerals, Mitchell and McClure 
have this to say: 

Healthy animals do not need such treatment, while sick animals need treat- 
ments suited to the particular disorders from which they are suffering. Such 
medicated mixtures cannot effectively combat internal parasites or constipa- 
tion; to do so they would have to be given in such doses as to interfere seriously 
with the appetite and vigor of the animal. Nor can their use in any way 
diminish the need of sanitary measures in livestock management. Furthermore, 
the more medicines and tonics that the mineral mixtures contain the less of the 
essential calcium and phosphorous compounds that will be found in them. The 
practice of including in commercial mineral mixtures many more components 
than, are necessary for the proper supplementing of farm rations increases the 
cost of the mixture generally far beyond its inherent value as a supplement in 
animal feeding. To those farmers who believe that commercial minerals have 
served them well in their business and who are steady users of them, it may be 
suggested that the active ingredients in these mixtures which are doing all the 
good work are the limestone, or the bone meal, and the salt contained in them. 

VITAMINS 

For vigorous growth and development, as well as for efficient re- 
production and lactation, vitamins are necessary. Especially is this the 
case with young pigs and those which are more or less closely confined 
during the winter. Those of particular importance to the feeder arc 
vitamins A, D, and those belonging to the B-comple.\ group, includ- 
ing the so-called animal protein factor (APF). In addition to these, 
there are nutritionally important vitamin-like factors of unknown 

*•11. II. Mitchell and F- J- McClure, Smio/uJ Rfifurch Council, UuL Nj. y#. 
p. 79, 193'7. 
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identity, one of which is referred to as the “grass-juice factor,” and 
others which are contained in liver extract. 

White corn and other cereals deficient in vitamin A. Vitamin A is 
important to the feeder because of the near-complete absence of 



Fig. 40. Vitamin A is essential in a growing ration (Kans, Exp. Sia., Tech. 
Bui 23). 

Upper: The pigs in one of the lots of the Kansas experiment at the start of 
vitamin-A— deficient feeding. The ration was composed of white corn, tanl.agc, 
and bone ash. 

Lower: The same pigs 265 days later. The two pigs standing, like the pros- 
trate ones, developed advanced nerve disorder but had been partially cured by 
giving them cod-liver oil. 

carotene, the plant form of the vitamin, in all the cereal grains and 
by-products except yellow corn (see page 173). The experimental 
studies of Hughes and associates of the Kansas Station,” which were 

"J. S. Hughes. C. E. Aubel. und H. F. Uenhart. Tech. Bui. 23, 1928. 
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begun in 1921 and continued through seven years, demonstrated the 
importance of tliis vitamin in the diet of the pig and its deficiency in 
white com. In five trials they fed a ration of white corn, tankage, and 
bone ash to pigs from weaning to 11 to IS months of age. The pigs, 
numbered four to si.x in each group, had the run of small cement- 
paved lots. 

Tile final result was the death of all pigs. The first death occurred 
after seven months on this ration, and all had died which had not been 
killed for e.xamination by 15 months. The authors stated that the pigs 
were normal and made uniformly good gains during the first four or 
five months, and that the appetites were good up to the last stages of 
disorders. The pathological symptoms in the order of their appearance 
were enumerated as follows: restlessness, mean disposition, humped 
posture when standing and walking, soreness, stiffness, incoordination 
affecting the hind quarters, inability to get up on their feet, severe 
spasms, and death. They found that the addition of good alfalfa hay 
to the ration in an amount to represent 10 percent afforded complete 
protection. 

In 1921 Morrison and coworkers of the Wisconsin Station 
demonstrated that yellow corn was superior to white corn. In a num- 
ber of dry-lot experiments, starting when the pigs weighed 50 to 65 
pounds and continuing to market weight, the pigs fed yellow com 
gained faster and more economically. In two of the trials in which 
skim milk was fed as the protein supplement, 13 of the 20 pigs died 
before the experiment closed. The symptoms of vitamin A starvation 
were the same as those described in the Kansas studies. When yellow 
instead of white com was fed, or when cod-liver oil was added to the 
white-corn ration, partial or complete recovery resulted. Also, it was 
found that by adding 5 percent of chopped alfalfa hay to the ration 
white corn gave as good results as yellow corn. 

Similar studies, comparing white with yeiiow corn, were made at 
the lilinois and West Virginia Stations with like results. Dunlap of the 
Animal Nutrition Research Institute, Cambridge University,:*^ found 
that when pigs were fed from weaning to market weights on the com- 
monly used ration of barley meal, middlings, and fish meal, or cereals, 
soya-bean meal (soybean oil meal), and minerals, symptoms of 
paralysis due to vitamin A deficiency developed when the pigs reached 
a weight of 150 pounds, or about 15*weeks after weaning. Complete 

” F. B. Morrison, G. Bohstedt. and J. M. Fargo, Buts. 323 and 339. 

“ O. Dunlap. Jr. Asr. Set., Vol. 24. Part 3. 1934, 
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recovery, even of those pigs which had become prostrate, was accom- 
plished in 5 weeks by feeding cod-liver oil, or crystalline carotene, 
along with the ration on which the disease developed. 

It is probable that other food factors, in addition to vitamin A, 
were involyed in the results of some of these experiments. Although 
none of the experimental rations was complete, it is at the same time 
apparent that vitamin A was the factor chiefly responsible for the 
disastrous results noted. 

Farm supply of vitamin A adequate. Despite the practical absence 
of carotene or vitamin A value in any of the concentrates except 
yellow corn, the hogmau has available an ample home-grown supply 
in fresh green forage and high-quality hays. Feeding good-quality 
alfalfa hay or meal in an amount to represent 5 percent of the ration 
by weight will ensure a sufficient supply of this vitamin for short 
dry-lot periods, especially if the pigs have good reserves as the result 
of previous forage feeding. Recent experiments, however, have shown 
that 10 percent of alfalfa, or even 15 percent, is better, particularly 
when consideration is given to the need for some of the other vita- 
mins. So far as vitamin A is concerned, pigs on forage normally will 
have sufficient reserves to tide them over short periods of drought dur- 
ing the late summer without the addition of a vitamin supplement. 
Good practice would suggest, however, the feeding of 5 to 10 percent 
of alfalfa meal in the ration during extended drought periods. 

Vitamin D. This vitamin is a food factor of considerable importance 
to the hogman. Xfs presence in the ration is necessary to guarantee the 
efficient functioning of the minerals supplied in the ration. The most 
common effect of its absence in swine feeding is to interfere with the 
deposition of lime or calcium salts in the growth of bone. Its chief 
function, in other words, is to help protect the animal against those 
nutritional disturbances which terminate in rachitis. For this reason 
it is known as the antirachitic vitamin. 

We have just observed how a deficiency of calcium may cause 
rachitis even when the supply of vitamin D is ample (see page 211). 
Vitamin D is to be regarded, therefore, as one factor only in the dis- 
turbance, the other being the supply of minerals, particularly calcium 
and phosphorus. When the supply of calcium is adequate and in the 
correct ratio with phosphorus, and the other salts are sufficient, the 
effect of a deficiency of vitamirf D will not so soon be apparent as 
when the supply of calcium is limited. Likewise, the optimum amount 
of calcium necessary to give maximum results in growth, or to protect 
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against racliitis and allied troubles, is influenced by the amount of vita- 
min D wliicli is present. Vitamin D and calcium, in other words, bear 
a complementary relationship one to the other. It must be remem- 
bered, however, that each is indispensable and that neither the mineral 
salts nor the vitamin factor can wholly, or in large part, replace the 
other (see page 170). 

Experiments with small laboratory animals, chickens, and pigs indi- 
cate that the cereal grains as well as both the animal and plant pro- 
tein supplements contain very meager amounts of vitamin D. Al- 
though fresh green forage is rich in the substance which produces the 
vitamins when exposed to sunlight after cutting, the uncut plant con- 
tains practically none. Cod-, halibut-, and shark-liver oils are rich in 
it, while the oils of the soybean and flaxseed contain little. The vita- 
min D factor in feeds has been increased by exposing them for short 
periods to direct sunlight. By subjecting milk to the ultraviolet rays 
of sunlight its antirachitic potency has been increased as much as 
eight or ten times. 

Sunlight a source of vitamin D. The part played by sunlight in good 
mineral nutrition should be explained at this point. A rachitic condi- 
tion shown by stiffness, crampiness, or rheumatism is known to be 
more common among fall than spring pigs. This is due in part to the 
difference in the strength of the sun’s rays in winter and summer. 
When the rays of sunshine strike the animal body the cumulative effect 
is to bring about a chemical reaction in the skin whicb results in the 
formation of the vitamin D substance. Only the short, or ultraviolet, 
rays are capable of bringing about this result. It is this type of light 
which is artificially produced by the quartz mercury-vapor lamp. 
When sunlight passes through ordinary window glass, the short rays 
are deflected and its potency largely destroyed. To receive measurable 
benefits the animal must be exposed to the direct rays. The place of 
sunshine in animal nutrition is due to its power to create or activate 
the vitamin D substance of the animal body. It serves, therefore, as an 
indirect source of vitamin D. 

Vitamin D and sunshine protect pigs against rachitis. Experiments 
conducted by Shaw of the University of Saskatchewan demon- 
strate effectively the practical value of sunlight as an indirect source 
of vitamin D for growing pigs. During each of 3 years he fed four 
groups of pigs, eight in each, a ration composed of oats, recleaned 
wheat screenings, wheat middlings, buttermilk, and a mineral mixture 

** A. M. Shaw, ScL As'-, Vol. XI, No. 1, 1930. 
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Fig. 41, Sunshine is a source of vitamin D (courtesy. Prof. A. M. Shaw, 
University of Saskatchewan). 

Upper: Pigs badly affected with rachitis induced by a lack of direct sunshine 
and a ration deficient in vitamin D, as they appeared at the close of a 120-day 
feeding experiment. 

Lower: The same pigs as shown in the upper picture after 2 months of 
spring sunshine and open-yard feeding on the same ration. The potency of direct 
sunshine as a factor in the prevention and cure of rachitis is here demonstrated. 

rich in lime and common salt. Each group had an individual house 
and a 10- by IS-foot exercise yard. In one lot the yard was open and 
the pigs had daily access to sunlight. In the other three groups the 
yards were covered and the fences made tight so that all direct sun- 
light was excluded. One of these lots received light through a south- 
exposed window containing 8 square feet of ordinary glass. In the 
third lot the window contained Viiaglass, a glass of special manufac- 
ture which is of a character that permits the passage of 'most of the 
short or ultraviolet rays without distortion or diffusion. Lot four had 
no window and hence little if any light. 
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The results of the second trial, summarized in Table 61, represent 
fairly the general results of the study. In this particular test the pigs 
were started on test December 16, 1928, at an average weight of 42 
pounds, and continued on test for a period of 120 days. 

In interpreting these results it is necessary to remember that the 
ration fed these pigs was rich in calcium and contained little if any 
vitamin D. Vitamin A probably was lacking also, but since the pigs 
in the sunlight group were normal it cannot be regarded as a factor 
in these results. 


Tabic 61. Sboning the Effects of Sunlight on Crowing Figs 


Conditions 

Number 

of 

Pigs 

Total 

A verage 
Gain 
per Pig 

Number 

of 

Normal 

Pigs 

Number 
A ffected 
with 
Rachitis 

Number 

Complete 

Cripples 

Percent- 

age 

Normal 

Pigs 

1. Open yard 

8 

lb. 

100 

8 

0 

0 

100 

2. Window 
glass 

8 

81 

0 

5 

3“ 

0 

3. Vitaglass 

8 

74 

0 

5 

3 

0 

4. Dark 

8 

81 

1 

5 

2b 

12% 


* One died before close of experiment, 
t" Both died before close of experiment. 


The evidence presented in the table is rather convincing in show- 
ing the importance of sunlight as a factor in nutrition when pigs are 
fed a ration deficient in the antirachitic vitamin. That the ration was 
deficient in vitamin D is shown by the fact that practically none of the 
pigs which were denied sunlight were able to make normal gains and 
practically all showed unmistakable signs of rachitis before the close 
of the trial. On the other hand, pigs having access to the open lot made 
fair gains and were normal. The author also reported that 150 slock 
pigs were fed the same ration at the same time in a lot adjacent to the 
experimental pigs and none developed any signs of rachitis. That sun- 
light after passing through ordinary window glass is not effective in 
bringing about improvement was indicated by the performance of 
Lot 2. The special glass used in the experiment did not give better 
results than ordinary glass, although the area of glass allowed in both 
lots may have been too small to permit of a differentiation in the 
results. 

The potency of direct sunlight as an agent in the cure of rachitis, 
even in the latitude of Saskatoon, was shown by the subsequent be- 
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havior of the pigs in Lots 2, 3, and 4 after the close of the experiment 
proper when the covering of the yards had been removed on about 
April 15. In describing what followed this change the author inci- 
dentally gives us a vivid picture showing the abnormal condition of 
the pigs at the close of the experiment. 

Immediately the pigs took advantage of the light and remained outside the 
pen, stretched out on their sides most of the time. The skin soon commenced 
to take on a ruddy hue (they were -Yorkshire pigs) and, in a comparatively few 
days, an improvement in their physical condition was noticeable. At first, some 
of the pigs were unable to use their hind quarters at all, and dragged them- 
selves about with great difficulty. Others walked on their knees while others 
had enlarged joints or bent legs. All of them, however, slowly recovered the 
use of their limbs and gradually began to thrive. Those least aifected soon began 
to gain rapidly in weight and even some of those pigs that were listed as com- 
plete cripples at the conclusion of the experiment eventually recovered suffi- 
ciently to be marketed. 

As a result of these three series of experiments the author made the 
additional observation that young pigs show the effects of restricted 
light much more quickly than do older pigs, and that pigs which have 
developed normally up to 3 or 4 months of age seem to be able subse- 
quently to withstand comparatively long periods of restricted light 
without injury. 

This experiment showed the value of sunlight for pigs fed a ration 
deficient in vitamin D but rich in calcium. Studies by Maynard, Gold- 
berg, and Miller of Cornell University "s demonstrated that sunlight 
has special value when pigs are fed a ration deficient in both calcium 
and vitamin D. On such a ration, containing less than 0.1 percent of 
calcium, these authors found that the pigs without sunshine developed 
stiffness in four months, while seven of the eight pigs receiving the 
same ration with the sunlight showed no signs of this trouble. Al- 
though the bones of the pigs exposed to sunlight were hardly normal, 
chemical analysis showed them to contain considerably more ash than 
did the bones of the no-sunlight group. The sunlight, in other words, 
made it possible for the pigs to use more completely or efficiently the 
very meager allowance of calcium provided by the ration. Locficl 
and assistants of the Nebraska Station found that direct sunlight 
prevented rachitis in pigs fed a ration deficient in vitamin D, while 
another group of similar pigs fed the same ration developed severe 
rachitis when exposure to direct sunlight was denied them. The ration 

*‘L. A. MaynarJ. S. A. Goldberg, and R. C. Miller, Jr. DM. Chem., Vol. 65, 1925. 

«W. J. Locffcl, Res. BuJ. 58, 1931. 
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fed contained 0.2 percent of calcium. Studies by Sinclair of the Uni- 
versity of Alberta showed that winter sunlight exerts physiological 
benefits and results in faster and cheaper gains and bone of higher 
ash content even when the ration fed the pigs is already fairly high 
in its vitamin D content, as well as rich in calcium. 

Johnson and Palmer of the Minnesota Station^® found that 
rachitis in pigs was cured by exposure to sunshine 45 minutes per day 
for 2 weeks. Also, it was found that when fall pigs were given an out- 
side runway during the winter and self-fed high-grade sun-cured 
alfalfa in addition to an otherwise good ration containing ample 
minerals, they did not become rachitic when the consumption of the 
hay represented 5.05 percent of the ration. They also found, however, 
that when an inferior grade of hay was fed under the same conditions 
some of the pigs developed symptoms of the disease. More vitamin D 
and/or sunshine were required to cure rachitis than to prevent it. 

In the earlier trials by the same investigators it was shown that 
pigs with dark pigmentation stored less vitamin D in their bodies on 
exposure to sunshine than white pigs. Experimental studies at the 
Ohio and Wisconsin Stations also indicated that vitamin D deficiency 
symptoms generally appeared first among the black and red pigs. 

Bethke and coworkers of the Ohio Station concluded after five 
trials that the forms of vitamin D supplied by cod-liver oil and irradi- 
ated yeast were equally elTectivc in the prevention or cure of rachitis. 
They found that the minimum practical amount required by pigs con- 
fined to a darkened bam and supplied with a ration containing ample 
minerals was 90 International Units per pound of feed. 

It would appear from all this that the supply of vitamin D pre.sents 
no serious problem to the practical hogman, even during the winter 
in the upper Com Belt. However, it does point rather definitely to the 
nccessity, especially in the northern latitudes, of feeding as part of the 
ration from 5 to 10 percent of the finest quality sun-cured legume hay 
available and of including in the diet of the pig. an ample supply of 
calcium and phosphorus in the ratio of about I te to I 

Vitamins of the lt-compIe\ group iiiipurtaul. Recent studies of the 
nutrition of the pig have brought to light two importa.nt facts' one, 
that rations which are satisfactory for gio.smg fattening pie. tteiti 
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about 75 pounds up to market weight often prove deficient for 
younger pigs; and two, that these deficiencies generally involve the 
supply of some of the water-soluble or B-complex vitamins and/or 
other unknown food factors. Results of these studies also suggest 
that the diet of the mother during gestation and lactation may have an 
important bearing on the susceptibility of her pigs later to certain nu- 
tritional deficiencies. The attempt will be made here to summarize 
briefly the results of those studies which appear to affect good feeding 
practices. 

Studies by Fairbanks and coworkers of the Illinois Station 
showed that a ration balanced with animal-protein supplements, such 
as com, wheat-flour middlings, expeiler soybean oil meal, with 8 
percent of tankage and 3.5 percent of fish meal, fortified cod-liver oil, 
and minerals, when fed to weanling pigs in the dry lot was markedly 
improved by the addition of the six better known B vitamins, thiamin, 
riboflavin, niacin, pantothenic acid, pyridoxine, and choline, or of 
alfalfa meal sufficient to represent 10 percent of the ration. However, 
MoMillen and associates of the Michigan Station concluded that a 
similar ration, containing 12 percent meat scraps and either 10 per- 
cent of dehydrated alfalfa meal or 5 percent of sun-cured alfalfa, was 
deficient in pantothenic acid, nicotinic acid (niacin), and riboflavin 
for confined weanling pigs weighing 24 pounds at the start of the test. 

Experimental studies by Dyer and others of the lilinois Station 
showed that for weanling pigs fed in the dry lot a ration composed of 
63.5 percent of ground yellow com, 34 percent of expeiler soybean 
oil meal, 2 percent of a complex mineral mixture, and 0.5 percent of 
fortified cod-liver oil was deficient in riboflavin and pantothenic acid, 
and was borderline in its content of choline for maximum growth. The 
pigs made only one-half normal gains, had rough hair coats, bad skins, 
exhibited locomotor difficulties, and were subject to scouring through- 
out the test of 65 days. Similar results had been observed by Keith 
and associates of the Pennsylvania Station ■>* on a similar ration con- 
taining 4 percent of sun-cured alfalfa. 

Based on the results of a large number of experiments with growing 
and fattening pigs in the dry lot, Robison of the Ohio Station con- 


u B. W. Fairbanks, J. L. Kridcr, and W. E. Carroll, Jr. An. Scl., Vol. 4, No. 4, 1945. 
*>W. N. McMillcn, R. W. Lucckc, and F. Thorp Jr., Jr. An. Sci., Vol. 8, No. 4, 
949. 

“ J. A. Dyer, J. L. Kridcr, and W. E. Carroll, /r. An. Scl., Vol. 8. No. 4, 1949. 
«T. B. Keilh, R. C. Miller, W. T. S. Thorp, and M. A. McCany, Jr. An. ScU 


Vol. 1. No. 2. 194i 

*»\y^ Koblson, Farm and Home Research, 


Bui. 246, 1947. 
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eluded ihat a ration of yellow com, soybean oil meal, and minerals, 
and containing 4 to 5 percent of ground, sun-cured alfalfa of good 
quality was deficient in one or more respects for pigs in the dry lot. 
The results were the same when oats rcplaeed the eom, or when a 
mi.xturc of linseed and cottonseed meal was fed in plaee of the soybean 
oil meal, although each was of some benefit. 

He found that “when 10 to 12 percent of high quality alfalfa meal 
was used, or when water was added and yeast was grown in the wet 
feed, or when dried brewer’s yeast, condensed fish solubles, dried 
distillers’ solubles, fish meal, or meat scraps was included in the ra- 
tion the pigs remained healthier, grew normally, and made more rapid 
gains and greater gains per unit of feed consumed than pigs on the 
untreated or unaugmenled ration.” 

Front these and other similar studies at the other stations it is con- 
cluded that when such rations have added to them high-quality al- 
falfa meal in an amount to represent 10 to 12 percent of the ration 
that the supply of the better known water-soluble or B-complex vita- 
mins will be adequate except possibly for very young pigs. The results, 
however, will not be optimum unless some animal or fish-protein sup- 
plements, or other carriers of vitamin B12 and other factors, such as 
are contained in the animal protein factor (APF), are added. 

The animal-protein factor (APF). Feeders generally have found 
that rations balanced with a protein supplement of animal origin, such 
as any of the milk by-products, tankage, meat and bone scraps, fish 
meal, condensed fish solubles, or liver meal, gave better results in 
growth and reproduction than rations balanced with supplements of 
plant origin. Scientists have determined that this superior supple- 
menting efficiency is due chiefly to the presence in the animal products 
of certain vitamin-like factors to which the name animal-protein factor 
(APF) was first given. This factor, it is important to understand, is 
not a protein, but is a combination of factors associated in small 
amounts with animal proteins but not with plant proteins. 

This so-called factor (APF) is a product which results from bac- 
terial fermentation processes employed by pharmaceutical and chem- 
ical laboratories in the production of antibiotics. These laboratories 
are the original sources of the APF concentrates now on the market. 
They may be obtained direct from the manufacturers, or indirectly as 
a premix from feed retailers, or by the purchase of commercial mixed 
supplements which contain them.^" 

“Damon Catron, la. Exp. Sta., inoie Breedews' Dneaory, 1950-1951. 
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It is now quite definitely established after several years of research 
at the U.S.D.A. Research Center at Beltsville, Md., and a number of 
the state experiment stations and commercial laboratories of the coun- 
try, that APF is a complex made up of several different ingredients. 
These are (1) the growth-promoting vitamin B12, also known as the 
antipemicious anemia factor, (2) certain antibiotic residues in crude 
form resulting from the production of crystalline aureomycin, strepto- 
mycin, penicillin, tenamycm, etc., and (3) probably also other fac- 
tors not yet definitely known. 

That this APF concentrate contains these factors in a much more 
concentrated or potent form than are found in the usual animal- 
protein supplements, and that it also contains some ingredients or 
factors not contained in most of these supplements, is indicated by the 
experimental studies which have been made. 

The growth-stimulating and health-promoting properties of this so- 
called animal-protein factor (APF) have now been experimentally 
demonstrated by many carefully controlled practical pig-feeding tests. 
These would include the studies at the Iowa, Indiana, Illinois, Wis- 
consin, Minnesota, Cornell, Michigan, Ohio, Missouri, and Florida 
Stations, and the Hormel Institute, particularly. 

General summary of APF (with aureomycin) experiments. 

1. These feeding experiments have uniformly shown, using grow- 
ing and fattening pigs fed a basal all-plant ration containing every- 
thing known to be necessary in the diet, that the addition of an APF 
concentrate resulted in a rather marked increase in feed consumption 
and rate of gain, and some reduction in the amount of feed required 
to produce a unit of gain. In many instances the differences were 
striking. These were the results whether the pigs were confined to 
concrete-paved lots or were on pasture, although, as a rule, there was 
less difference in the pasture experiments. 

2. When an all-plant ration with added APF concentrate was com- 
pared with a similar ration balanced with packing-house and/or fish 
proteins, also, or a combination of these with plant proteins, for 
growing and fattening pigs cither in the dry lot or on pasture, the 
APF-supplemented ration proved superior, particularly in the rate of 
gain produced. 

3. The experimental studies also showed that when the APF con- 
centrate was added to a presumably complete ration balanced wholly 
with animal supplements, the rate of gain was significantly increased. 
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and the amount of feed required for a unit of gain was slightly re- 
duced. 

4. Another important fact which emerged rather clearly from a 
number of these studies was that APF contains a factor or factors 
which prevent and control the ordinary type of scours, and are espe- 
cially potent in helping to rejuvenate unthrifty or runty pigs. In a 
number of the experimental reports the observation also was made 
that the APF-fed pigs tended to fatten at earlier weights than those 
fed the check rations. 

To what extent these results can be attributed to vitamin B12, the 
antibiotic residues, or to other factors contained in the APF concen- 
trate, it is impossible to judge from these experiments. 

Vitamin B12 a growth-promoting factor. This is one of the newer 
vitamins, first produced in pure form from liver extract in 1948. It is 
believed to be the same as the antipemicious anemia factor used in 
human medicine. It is synthesized, along with other B vitamins, by 
certain microorganisms of the paunch of ruminants, which accounts 
for its presence in cow manure. 

It is now fairly well established as the result of extensive research 
that vitamin B 1 2 is required in the diet of the pig, and that some of 
the gtowth-stimulating properties of APF concentrates are the result 
of its presence in these products. 

The exact quantitative requirements of the pig for this vitamin have 
not been determined. Extremely minute amounts of the pure product, 
however, are required. For example, 10 micrograms of the pure BI2 
to each pound of the ration have been shown to be sufficient to give 
a significant growth response. This amount is equivalent to one-fiftieth 
of a gram to each ton of feed. There are about 28.4 grams in 1 ounce. 

Carpenter of the Hormel Institute reported that vitamin B12 when 
fed to young pigs, had no effect on the incidence of diarrhea. 

Antibiotics promote growth and control scours. Such terms as 
aureomycin, streptomycin, penicillin, terxamycin, and bacitracin arc 
now more or less familiar to hogmen. Hundreds of these antibiotics 
have been produced, and those mentioned above have been subjected 
to considerable study in experimental swine rations. 

In the production of antibiotic drugs by the pharmaceutical labo- 
ratories, which involves carefully controiJed biofcrmentalions by cer- 
tain microorganisms, residues are produced which contain the anti- 
biotic factor. This residue, as a dried mash, is the form in which the 
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antibiotics have been fed in most of the experimental studies that have 
been made, in an amount to equal from 0.25 to 0.50 percent of the 
ration. Catron and associates of the Iowa Station showed that pure 
crystal aureomycin when fed in an amount as small as 5 milligrams 
per pound of feed produced a significant growth response when added 
to a well-fortified all-plant corn-soybean ration. 

The many experimental studies to date would seem to support the 
following general observations concerning the value of antibiotics in 
pig rations: 

Several of these antibiotics have been shown to possess significant 
growth-stimulating properties when fed as supplements to well-forti- 
fied rations to pigs, either when confined to concrete-paved lots or on 
pasture. More response was shown on some rations than on others. 

Aueromycin is especially effective in stimulating gains; strepto- 
mycin, terramycin, and penicillin have been equally effective in a 
number of tests. Even when fed as a supplement to a ration balanced 
with meat and bone scraps, either in the dry lot or on pasture, anti- 
biotics increase significantly the rate of gain. 

Perhaps the greatest value of these antibiotics to the practical 
feeder, however, will be found in their capacity to control scours in 
young pigs. In numerous trials during the past 2 years aureomycin, 
streptomycin, terramycin, and penicillin have been effective both in 
the prevention and cure of this common ailment. Unthrifty runty pigs 
after a few weeks’ treatment appear rejuvenated; scouring disappears, 
the appetite improves, gains pick up, skin health improves, and the 
hair coat takes on a glossy appearance. 

In what manner these antibiotics function is a matter for specu- 
lation. So far as their effect in the control of scours is concerned, 
however, the most reasonable theory is that they inhibit the growth of 
or destroy the harmful microrganisms in the intestinal tract, thus pro- 
moting the growth of the desirable organisms, thereby bringing about 
a more normal and healthful intestinal environment. It seems reason- 
able to assume also that the growth-stimulating effects of antibiotics 
may partly be the result of this improvement in the bacterial flora of 
the digestive tract, as well as the result of the presence of the specific 
growth factor. 

The term “animal-profcin factor” officially abolished. In order 
to provide a nomenclature which defines the separate nutritional 

D. V. Cairon, V. C. Speer, H. M. MaUdock, and R. L. Vohs, Jr. An. Scl. Abji-, 
VoL 9, No, A, 1950. 
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factors contained in die so-called animal-protein factor (APF), 
in line with tlie findings of recent research, the Association of Ameri- 
can Feed Control Oflicials at their last annual meeting (January, 
1951) cstablislicd the following definitions and regulations with re- 
spect to labeling and selling of the products; 

yitamin B12 ^upplentcut is a feeding material used for its vitamin B ac- 
tivity. It shall contain a minimum of vitamin BI2 activity of 1.5 milligrams per 
pound. The term shall not be applied to products for which there are accepted 
names and dclinitions. 

Antihiotic ical supplement is a feeding material used for its antibiotic ac- 
tivity. It shall contain a single antibiotic or combination of antibiotics having 
growth-promoting properties. The name and amount of each antibiotic shall be 
declared on the label. It shall contain a minimum of I gram per pound of anti- 
biotics. The label shall bear the legend “for feeding use only.’* Directions for 
use shall provide for incorporating not more than 50 grams of antibiotic per 
ton of finished feed. 

The executive committee also adopted the following resolution: 
“Resolved, that If a feeding material is represented to be a combined 
vitamin B12 and antibiotic feed supplement, it shall meet the potency 
standards and other label and informational requirements established 
for each component.” 

thiouracil and thyroprotein 

One of the newer phases of nutrition has involved a study of the 
relation of the hormone thyroxine to the growth and fattening proc- 
esses in swine. This hormone is the active agent of the internal secre- 
tions of the thyroid gland, its chief function being to regulate the rate 
of the metabolic processes of the body. An overactive thyroid tends 
to accelerate the pulse rate, elevate the body temperature, increase 
muscular tension, and to stimulate bodily activity. Subnormal activity 
of the gland has the opposite effect, inhibits the production of thyrox- 
ine, reduces the metabolic rate, and results in sluggishness and inac- 
tivity. 

Since the development by scientists of products which excite super- 
activity of the gland, such as thyroprotein (iodinated casein), and 
others which depress it, such as thiouracil and thiourea, studies have 
been made to determine the possible value of these drugs when added 
to growing and fattening rations. All together, some seven or more 
Stations have reported results of experimental studies, most of 
which have been more or less of a preliminary character. 

"Xtissouri. New Jersey. Michigan. Tceas. Cornell. Illinois, and Indiana, 
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Effect of thlouracU in the fattening ration. The results obtained in 
the feeding of thiouracil during relatively short growing and fattening 
periods have not been uniform; in a number of instances they have 
been directly contradictory. A systematic study of the experiments, 
however, reveals the following points of interest: 

1. In a majority of the comparisons — four out of six — the feeding 
of thiouracil as 0.1 to 0.25 percent of the ration, fed according to 
appetite to partly grown pigs weighing from 125 to over 200 pounds 
at the start for periods of 25 to 63 days, resulted in reducing the rate 
of gain slightly to seriously as compared with the controls. In two of 
the six reports the gains were slightly greater on the ration containing 
the thiouracil. 

2. In a majority of the reports — ^four out of six — the pigs receiving 
thiouracil under the same conditions as above made slightly to sig- 
nificantly greater gains per unit of feed; in two, the feed required for 
a unit of gain was increased. 

3. When the basal ration was limited to the same feed intake as the 
test ration, those receiving thiouracil gained faster and required less 
feed for a unit of gain. 

4. Better results, as a rule, were secured when the thiouracil was 
fed at a level of 0.1 to 0.15 percent of the ration than when on a 0.2 
to 0.25 percent level. The Illinois workers concluded that 0.15 per- 
cent of the ration was most nearly optimum. At Cornell, 0.1 percent 
proved to be better, or less harmful, than 0.2 percent. 

5. The feeding of thiouracil tended to result in greater economy 
in the use of feed, due probably to a slowing down of the metabolic 
rate and a lethargic state of inactivity in the pig which it induces. Such 
a condition facilitates the fattening process. On the other hand, its 
effect on the palatability of the ration resulted in reduced feed con- 
sumption and generally slower gains. 

6. Thiouracil was fed to weanling pigs starting soon after weaning 
at the New Jersey and Indiana Stations. In both experiments the re- 
sults proved disastrous. The Indiana workers reported a markedly 
reduced feed consumption and growth rate, and the development of 
a severe skin afllietion. In the New Jersey trial the control pigs gained 
1.67 pounds daily while those that received thiouracil gained 0.57 
pound. 

ThjToprolein for growing pigs. This drug has the opposite clTcct on 
the metabolic rate to that produced by thiouracil. Because of its tend- 
ency to speed up all the vital activities, research workers have rca- 
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soncd that its use in pig rations might promote faster gains and earlier 
market finish. 

A limited amount of experimental work on this question has been 
repotted by the New Jersey, Indiana, and Michigan Stations. At New 
Jersey, pigs were hand-fed from the weanling stage until a weight of 
125 pounds was reached op full rations containing from 0.075 to 4.0 
grams of thyroprotein daily for each hundredweight of pig. When fed 
at rates of 0.075 to 0.225 gram there was no significant effect on 
either the rate or cost of gains. When higher levels, 0.5 to 4.0 grams, 
were fed, however, the rate of gain was depressed and the feed re- 
quired for a unit of gain significantly increased. 

In each of two series of experiments at the Indiana Station favor- 
able results were obtained. In these trials 53- and 42-pound pigs were 
full-fed for periods of 84 and 119 days. When the thyroprotein was 
fed at the level of 2 grams per 100 pounds of feed, no significant effect 
on the rate or cost of gains was observed. When fed at levels of 4, 6, 
or 8 grams, however, all treated pigs made significantly faster gains 
and required less feed for a unit of gain than those fed the basal ra- 
tion alone. It was observed in these studies that the accelerating effect 
of the thyroprotein on rate of gain was exerted chiefly after a weight 
of about 125 pounds had been reached. 

In two experiments at the Michigan Station, Berkshire, Duroc, and 
Yorkshire pigs fed from weaning for a period of 1 12 days gained con- 
siderably faster on less feed, compared with the controls, when given 
thyroprotein at the level of 2.8 grams per 100 pounds of feed. In one 
trial, however, Chester White pigs gave no response when fed the 
same dosage. When thyroprotein was fed at the level of 5.6 grams per 
100 pounds of feed stiffness was observed in the pigs when they 
reached a weight of about 140 pounds, which disappeared when they 
were changed to a level of 2.8 grams. The thyroprotein-fed pigs con- 
sistently showed finer, smoother hair coats and less body scurf than 
the controls. 

As a general conclusion, it may be said that there is little evidence 
thus far that these products will soon become commercially important 
to the practical feeder. 
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It is a matter of common observation that pigs do better when given 
access to green forage than when confined to a dry lot. Although the 
pig’s digestive capacity is limited compared with that of the horse, 
cow, dr sheep, and strictly speaking he is not a grass-eating animal, he 
nevertheless is able to consume an amount which may contribute 
materially to his support. 

Superior quality of nutrients in forage. The use of forage is an im- 
portant factor in producing pork economically in this country, how- 
ever, not so much because of the amount which is consumed, but 
rather because of its superior quality. Dry-lot rations often are iacking 
in sufficient proteins of the right sort, and frequently are deficient in 
minerals, especially calcium and common salt. Probably the most im- 
portant contribution made by green forage to better nutrition, how- 
ever, is the result of its rich supply of vitamins. In addition to the nu- 
tritional benefits, forage crops provide the conditions which simplify 
greatly the problems of disease prevention and parasite control. 

Grazing capacity of pigs. There is little exact information concern- 
ing the amount of forage a pig will eat under different feeding condi- 
tions. Investigations by Woodman and Norman of the Institute of 
Animal Nutrition, Cambridge,^ showed that pigs weighing 150 to 190 
pounds and receiving 68 percent of a full meal ration ate 4.4 pounds 
of cut grass daily. The grass was cut with a lawn mower and fed 
fresh. Eighty-five percent of the dry matter of the meal, and 60 to 62 
percent of the grass, was digested. The conclusion was drawn that 
6.3 pounds of fresh young pasture was equivalent to I pound of mca . 
Their studies also showed that sows nursing pigs and receiving a fu 
ration of meal (14 pounds daily) will eat in addition 5 pounds of frcs 
young grass daily. They quote Todd to the effect that a sow on Imitic^ 
rations will not consume more than 15 pounds daily. Stewart con 

E. Woodman, and D. B. Nonnan, /r. ScL, 24. 1, 1924, 

^\V. A. Stewart, Pis Keeping, Alin, of Agr. and Fish., Bui. 3-, 1931. 
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eluded from observations that a sow will consume 20 pounds of green 
forage daily, and a 6-inonths-old pig 12 to 14 pounds. The presump- 
tion is that little if any grain or meal was fed in these cases. Woodman 
and Evans of tlie School of Agriculture, Cambridge,^ found that when 
pigs were limited to a meal ration of pounds a day, from the 
weight of 50 to 1 50 pounds, the consumption of young cut grass when 
fed according to appetite was as follows; at the weight of 50 pounds, 
the average daily consumption of grass was 0.24 pound; at 100 
pounds, 4.9 pounds; and at 150 pounds, 8.6 pounds of grass. 

American records show that the mature sow in thin condition after 
weaning her pigs will about maintain her weight on good bluegrass 
alone, and on good legume forage will gain V 2 , pound or more daily 
until fair condition has been recovered. Snyder of the North Platte, 
Nebraska, Station,^ in two trials found that for periods of 63 and 95 
days respectively after weaning their pigs the sows on good alfalfa 
pasture without grain made an average daily gain of 0.43 pound the 
first year and 0.53 pound the second. These sows were mature and 
thin in condition when the trials began. In another trial, 1 4 thin year- 
ling hogs that had been grown on alfalfa and a light grain ration 
gained at the rate of 0.50 pound daily from June to August on alfalfa 
pasture without concentrates. 

THE VALUE OF FORAGE CROPS 

Dry-lot versus forage feeding. As a result of the extensive studies 
that have been made at the experiment stations of the country, it is 
now generally taken for granted that forage feeding of spring pigs 
during the summer results in faster and cheaper gains and more profit 
as compared with the dry-lot method. For an example of this there are 
given in Table 62 the summarized results for 25 selected experiments. 
Only those experiments are included here in which full rations were 
fed and an adequate supply of protein was provided in both rations. 
The ration most commonly fed was corn and tankage. In all cases the 
trials began soon after the pigs were weaned and continued until prac- 
tically market weights were reached, which represented an average 
period of 106 days. Rape was the forage grazed in six of the trials, red 
clover in four, alfalfa in ten, timothy in three, a mixture of Canadian 
field peas, rape, and oats in one, and soybeans in one. 

“H. E. Woodman and R. E. Elans. Ir. -isr. Sci.. Vol. 33. p. COI. 1943. 

■■ W. P. Snyder, Bui. 99. 1907. 



238 


PORK PRODUCTION 


Table 62. Dry-lot versus Forage Feediag 
(Average 25 Experiments) 

Average Concentrates Amount of Pork 
Average Concentrates Saved per Accredited 
Daiiy to Produce 100 Acre of 1 Acre of 

Gain Pounds Cain Forage Forage 



Ib. 

lb. 

lb. 

Ib. 

Dry lot 

1.106 

404 



Forage 

1.355 

356 ' 

1172 

329 


Although the pigs in the dry lot were fed rations which were fairiy 
well balanced according to the standards at that time, those having 
access to forage in addition made an extra gain of Va pound daily, on 
the average; in some cases the difference in rate of gain was greater 
than this and in others it was less. In no case did those in the dry lot 
gain as rapidly as those on forage. At the end of the feeding period 
the forage-fed pigs were on the average 27 pounds heavier. 

The concentrates fed the pigs on forage went much farther also in 
producing gains than those fed in the dry lot. For the production of 
100 pounds of gain, the green feed consumed by the forage pigs had 
the effect of saving 48 pounds of concentrates. The average number 
of pigs grazed to the acre in these tests was 17. From this and the rate 
and feed cost of the gains in the two lots, it was calculated that an 
acre of forage had the value of 1172 pounds of concentrates or the 
equivalent value of 329 pounds of pork. The money value of an acre 
of forage, based on the saving of feed required to produce a unit of 
gain as compared with dry-lot feeding,, may therefore be figured on 
the basis either of the cost of the feed or the value of the pork. In 
Table 63 are given the money values which the average acre of forage 
had in these experiments as determined by both methods and with 
varying prices. 

Table 63. Average Value of an Acre of Forage for Groulng and 
Fattening Pigs 


When 1 lb. of pork 
(live wt.) is 
worth: 

An acre of forage 
is worth: 


It St 9t lOd I2t l-il' 
$19.74 $23.03 $26.32 S29.61 $32.90 S39.48 $46.06 


When 1 lb. of con- 
centrates costs: 

An acre of forage 
is worth: 


IVJ IW 2t 21W IVtt 3t 3‘-;f 

SI7.S8 $20.51 S23-44 S29.30 S32.23 $35.16 $41.02 
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The above table illustrates the usual method of expressing the 
money value of an acre of forage when grazed by pigs. It should be 
understood, however, that these values are determined solely by the 
saving effected in the cost of the gains and do not include any credit 
due for the faster gains and earlier market finish, as well as other 
benefits. In addition to the forage eaten, the legumes furnished usually 
one cutting of hay. The above figures, therefore, underrate rather than 
overrate the value which an acre of forage had in these tests. 

In applying the results of such experiments, it is well to remember 
that the benefits to be derived from a given area of forage varies 
widely according to the character of the ration fed as well as the qual- 
ity of the forage. The better the ration, the less will be the benefits 
derived from the forage; and the poorer the ration, the greater will be 
the benefits. With the recent advances in knowledge, it is now possible 
to construct a dry-lot ration so complete in food essentials that the 
forage is of little benefit except for the improved sanitary conditions 
which it provides. On a ration of corn alone, on the other hand, its 
value is double or treble that which it had in the above experiments. 
Likewise, the money value of an acre of forage is greater when the 
pigs are fed a half-grain ration than when on a full ration, although 
the same number of pigs will require a larger forage area. 

Summary of benefits from forage feeding. The following general 
observations on the benefits of forage feeding are suggested by the 
experimental studies that have just been reviewed together with those 
discussed in previous chapters. 

1. Forage crops have their greatest value on the hog farm when 
grazed by the breeding classes. For brood sows during the gestation 
and lactation periods, the benefits are expressed in stronger pigs, fewer 
death losses, heavier pigs at weaning time, and fewer breeding failures 
subsequently (see page 48). Due to its residual effects, gilts that have 
been on forage during early growth are able to survive a considerable 
period of deficit dry-lot feeding without serious injury. The fertility of 
boars can be maintained only when they are provided with those food 
constituents which are abundantly supplied in green forage. 

2. Growing pigs on forage make faster gains than those confined 
to the dry lot, other conditions being the same. It has been observed 
also that they are capable of sustaining a rapid rate of gain for a longer 
period of time. With fairly well-balanced rations and full feeding, the 
rate of gain was increased 22 percent in the e.xperinients summarized 
in Table 62. On com alone, forage will increase the rate of gain often 
by more than 100 percent. On the other hand, with nearly ideal ra- 




Fig. 42. Tethering the nursing sows is a common practice in England and 
■other European countries. It conserves pasture, prevents mixing of sows and 
litters, and helps to promote good sanitation practices (courtesy, E. B. Lomax 
and R. Silcock & Sons, Liverpool, England; photo by W. S. Crawford Ltd., 
London). 


tions, the rate may be but little more than for those fed in the dry lot. 
Forage-fed pigs gain faster because their food demands are more com- 
pletely satisfied, their capacity for handling feed is increased, and the 
conditions under which they are maintained are more healthful. 

3. Pigs which have been on forage during the summer do better 
subsequently when placed in the dry lot than those which have not 
had the advantage of green feed. The beneficial effects of the forage, 
in other words, are not confined to the forage period alone, but are 
noticeably maintained during the succeeding weeks of dry-lot feeding. 
This is another reason why the figures given in Table 63 do not repre- 
sent the full value of these crops. This desirable residual effect is the 
result, no doubt, of the more vigorous state of health brought about by 
better nourishment and sanitary conditions and of the larger capac- 
ity resulting from the consumption of the bulky succulent feed. 

4. When com or other grain is very high or unobtainable, a forage 
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crop makes it possible, with the minimum of grain, to maintain thrift 
and fair gains during tlie summer until the next grain crop is har- 
vested. Without such a crop tlie farmer frequently is forced to sacrifice 
his pig crop by marketing at very immature weights or of carrying 
them through under conditions which are injurious to health and fatal 
to profits. The value of an acre of forage in such a situation, which is 
not uncommon, is very much greater than that which is shown by the 
usual method of calculation. 

5. Forage crops help to reduce the cost of producing pork. As a 
rule, even with full and fairly well-balanced rations, pigs on forage 
will make their gains on from 10 to 12 percent less concentrates than 
are required by pigs confined to the dry lot. When the ration fed is 
not well balanced, the grain saved by the forage is much greater, 
amounting frequently to as much as 50 percent. With good forage 
crops, this saving alone is usually more than sufficient to pay all the 
costs involved in their production. The higher the price of grain, the 
more important does this saving become. 

6. Another important advantage, especially in the Corn Belt, re- 
sults from the fact that forage reduces by 30 to 40 percent the amount 
of commercial protein supplements needed to balance the home- 
grown grains. This is because the tender growth of these crops, par- 
ticularly the legumes, contains most of the food constituents which 
the grains lack, such as protein, minerals, and vitamins. The new 
growth of these crops, as well as that of bluegrass and the cereal 
forages like oats, rye, and barley, are much richer in these growth- 
promoting qualities than the same crops at maturity. Provision of 
forage crops means that the hog farm is made more independent of 
outside sources of feed supplies. 

7. Access to forage ensures that the droppings will be left where the 
land is certain to receive full benefit from the fertility contained. Con- 
trasted with the results of dry-lot feeding where too often the drop- 
pings are allowed to accumulate and waste away, this system effects 
a large and increasingly important saving. More than 85 percent of 
the fertility contained in the feed is returned in the manure. With 
present prices of commercial fertilizers, the fertility contained in the 
droppings of a well-fed pig during the summer would have a value of 
$3.00 to S5.00. 

8. Finally, and most important, forage crops mean improred sani- 
tary conditions. If for no other reason, all so-called permanent hog lots 



FJg. 42. Tethering the nursing sows is a common practice in England and 
other European countries. It conserves pasture, prevents mixing of sows and 
litters, and helps to promote good sanitation practices {courtesy, £. D. Lomax 
and R. Silcock & Sons, Liverpool, England; photo by IV. S. Crawford Ltd., 
London). 

lions, the rate may be but little more than for those fed in the dry lot. 
Forage-fed pigs gain faster because their food demands arc more com- 
pletely satisfied, their capacity for handling feed is increased, and the 
conditions under which they are maintained are more healthful. 

3. Pigs which have been on forage during the summer do better 
subsequently when placed in the dry lot than those which have not 
had the advantage of green feed. The beneficial effects of the forage, 
in other words, are not confined to the forage period alone, but arc 
noticeably maintained during the succeeding weeks of dry-lot feeding. 
This is another reason why the figures given in Table 63 do not repre- 
sent the full value of these crops. This desirable residual effect is the 
result, no doubt, of the more vigorous state of health brought about by 
belter nourishment and sanitary conditions and of the larger cap.ic- 
ity resulting from the consumption of the bulky succulent feed. 

4. When corn or other grain is very high or unobtainable, a forage 
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crop makes it possible, with the minimum of grain, to maintain thrift 
and fair gains during the summer until the next grain crop is har- 
vested. Without such a crop the farmer frequently is forced to sacrifice 
his pig crop by marketing at very immature weights or of carrying 
them through under conditions which are injurious to health and fatal 
to profits. The value of an acre of forage in such a situation, which is 
not uncommon, is very much greater than that which is shown by the 
usual method of calculation. 

5. Forage crops help to reduce the cost of producing pork. As a 
rule, even with full and fairly well-balanced rations, pigs on forage 
will make their gains on from 10 to 12 percent less concentrates than 
are required by pigs confined to the dry lot. When the ration fed is 
not well balanced, the grain saved by the forage is much greater, 
amounting frequently to as much as 50 percent. With good forage 
crops, this saving alone is usually more than sufficient to pay all the 
costs involved in their production. The higher the price of grain, the 
more important does this saving become. 

6. Another important advantage, especially in the Com Belt, re- 
sults from the fact that forage reduces by 30 to 40 percent the amount 
of commercial protein supplements needed to balance the home- 
grown grains. This is because the tender growth of these crops, par- 
ticularly the legumes, contains most of the food constituents which 
the grains lack, such as protein, minerals, and vitamins. The new 
growth of these crops, as well as that of bluegrass and the cereal 
forages like oats, rye, and barley, are much richer in these growth- 
promoting qualities than the same crops at maturity. Provision of 
forage crops means that the hog farm is made more independent of 
outside sources of feed supplies. 

7. Access to forage ensures that the droppings will be left where the 
land is certain to receive full benefit from the fertility contained. Con- 
trasted with the results of dry-lot feeding where too often the drop- 
pings are allowed to accumulate and waste away, this system effects 
a large and increasingly important saving. More than 85 percent of 
the fertility contained in the feed is returned in the manure. With 
present prices of commercial fertilizers, the fertility contained in the 
droppings of a well-fed pig during the summer would have a value of 
S3.00 to $5.00. 

8. Finally, and most important, forage crops mean improved sani- 
tary conditions. If for no other reason, all so-called permanent hog lots 



242 


PORK PRODUCTION 


should be plowed up frequently and sown to crops. Not only will such 
lots produce a heavy yield of forage, but the complete aeration of the 
soil and the action of the direct rays of the sun will ensure the death 
of parasites and disease germs more effectively and at less cost than 
can be accomplished by any other practical method. Pigs on forage in 
contact with clean earth are more thrifty and vigorous than those con- 
fined to dry lots. One reason why pigs on forage display such capacity 
for rapid gains is because of this thrift. For pigs intended for the 
breeding herd, this thrift represents insurance against breeding failures 
and subsequent losses. 

CHOOSING A FORAGE CROP 

There is no best single forage, or succession of forage crops, for all 
farms and all seasons. Differences in, climate, rainfall, and soil make 
it obvious that a crop well adapted to the South or West might prove 
a failure in the North or East. Normal variations in temperature and 
rainfall from year to year result also in wide differences in quality 
and value of any particular crop grown on the same soil in different 
years. The value of a crop'in any year is conditioned on the favorable- 
ness of the season for that particular crop. Furthermore, differences 
in organization and system of cropping are responsible for the use of 
crops on some farms which would not be best where other systems of 
management are followed. For these reasons the choice of a forage is 
limited to those adapted to the climate, soil, and type of farm organ- 
ization. 

Essentials of an ideal forage. Kennedy and associates of the Iowa 
Station “ enumerated the characteristics which are essential in a good 
forage by naming the following: (1) adaptability to the local soil and 
climate; (2) palatability; (3) heavy yield of digestible matter which 
is comparatively high in protein and ash (minerals) ; (4) narrow nu- 
tritive ratio, not wider than 1 to 5, and better still if as narrow as 
1 to 2; (5) succulence; (6) afford pasture for a long grazing season; 
(7) ability to withstand tramping and grazing; (8) permanency; (9) 
reasonable cost and case of seeding; (10) capability of furnishing 
quick pasturage any time during the growing season; and (11) legu- 
minous characteristic. In addition to a high content of protein and 
minerals, the importance of a rich supply of vitamins should be men- 
tioned, which is in direct proportion to the immaturity, greenness, 
and leafiness of the plant. 

. w. j. Kennedy. 1 . M. EnarJ. It. H. KilJet. and E. T. Robbins. Rut. IJ6. IVD- 
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Composition of forage crops. As shown in Table 64 “ forage crops 
of a maturity suitable for grazing ace high in their content of water, 
but the dry matter which they contain is relatively rich in protein and 
calcium. In addition, they are rich sources of vitamin A and of those 
belonging to the B-compIex group. These are the nutrients chiefly re- 
sponsible for the thrift-promoting qualities of green feed, and their 
supplementing efficiency in balancing the home-grown concentrates. 

The legume forages are generally regarded as more valuable than 
those belonging to the grass family. The reason for this is indicated 
when the composition of the two classes is compared. The figures in 
the table show that the dry matter of the legumes contains on the 
average 21 percent of protein, and that of the nonlegumes, 1_6.8 per- 
cent. In these same plants, also, the calcium content of the legumes 
represents 1.3 percent of the dry matter, and of the nonlegumes, 0.45 
percent. The calcium-phosphorus ratio for the legumes is 3.26 to 1, 
and for the nonlegumes 1 to 1. 


Table d4. Composition of Forage Crops 





dnrhohydraies 




0- 



Nitrogen- 







Pro- 

free 

Crude 


Cal- 

Phos- 

Crop 

Water 

tein 

Extract 

Fiber 

Fat 

cium 

phorus 

Alfalfa, immature 

79.4 

5.2 

8.0 

3.8 

0.7 

0.28 

0.09 

Alfalfa, in bloom 

77.2 

3.2 

9.4 

7.8 

0.6 

0.39 

0.07 

Red clover, immature 

81.2 

5.0 

7.3 

3.0 

0.8 

0.27 

O.IO 

Red clover, in bloom 

70.8 

4.4 

13.5 

8.1 

l.I 

0.44 

0.07 

Alsike clover, im- 







0.09 

mature 

81.2 

4.9 

7.8 

3.1 

0.6 

0.26 

Crimson clover, im- 







0.04 

mature 

80.9 

3.1 

8.4 

5.2 

0.7 

0.28 








0.07 

ture 

75.3 

5.3 

9.8 

6.7 

0.7 

0.26 








0.09 

mature 

82.0 

4.9 

7.3 

3.1 

0.6 

0.23 

Lespedeza, immature 

74.1 

4.6 

12.3 

5.8 

0.8 

0.34 

O.II 

Rape 

85.7 

2.4 

7,1 


0.6 



Bluegrass, K., im- 
mature 

70.5 

5.0 

13.3 

7.5 

1.2 

0.15 

0.13 

Timothy, immature 

74.9 

4.1 

12.4 

5.4 

0.9 

0.J2 

0.11 

Barley, immature 

83.4 

2.8 

8.0 

3.6 

0.7 

0.06 



72.0 

2.7 

14.9 

7.4 

0.9 

0.08 


K>c, immature 

80.8 

4.5 

7.9 

3-4 

l.I 

0.10 

0.10 

Wheat, immature 

82.3 

3.8 

7.9 

3-0 

0-9 

0.07 


* N. R, Ellis, NV. H. KaulFman, and C. 
p. 1065, 1959. 

O. Miller. 

t;j>. i'ear of AifuuUute, 
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Chemical analysis also has revealed that the protein, calcium, and 
vitamin content o£ the leaf is much greater than of the stalk. As the 
forage grows and develops, the proportions of these nutrients in the 
dry matter decline. Not only is the younger growth better suited to the 
food demands of the pig, but it also is eaten in larger amounts due to 
its palatability and more tender character. The younger the pig, the 
more limited is his ability to use forage in the more advanced stages 
of growth. It may be regarded as a fortunate fact that the quality and 
composition of forages, in the physical and chemical changes which 
they undergo in growth, correspond in general with the needs and 
capacity of the pig to use them during the progressive stages of his 
development. 



Fiff. 43. Common red clover is a fixture in Corn BcJt/otalion systems and 
is one of the best forage crops for pigs (photo by Allen). 

iMIsDIU.M RED CLOVER 

Common red clover is one of the most valuable and widely used 
forage crops for hogs. In the Com Belt especially it is a fixture in the 
rotation system practiced on the best farms. In the South it is grown 
often as a winter annual. Being a legume it not only improves the soil 
by its nitrogen-gathering property, but its abundant supply of protein 
and lime, as well as vitamins, makes it particularly valuable as a for- 
age for young pigs. Its richness in muscle- and bone-building fooeb 
,.n«,ires better results with straight com feeding than can be oblaiited. 
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as a rule, from the nonlegumes. In a favorable season and when care- 
fully handled an acre of red clover will supply grazing for 10 to 20 
pigs from June to frost. The practice of cutting the first growth for hay 
and using the second for forage is often followed on farms where late 
pigs are produced. As an ally to corn in pork production this clover 
is without a peer. 

Red clover does not thrive in high temperatures and does not stand 
drought as successfully as alfalfa or rape. Neither does it supply suc- 
culence in as uniform amounts throughout the summer months as does 
alfalfa. On some soils it is difficult to secure a “catch,” it requires 
seeding every two years, and is subject to winter killing especially after 
overstocking. For best results pigs should not be turned in before the 
clover has attained a growth of at least 8 inches. 

More specific information relative to the value of this crop in com- 
parison with other forages is to be found by a study of the results of 
feeding trials conducted at the experiment stations. The more im- 
portant recent studies are summarized in the following pages. 

Clover versus alfalfa. These two premier forages have been com- 
pared in nine experimental feeding trials at the Iowa, Indiana, and 
Illinois Stations. In each trial the pigs used were of spring farrow, 
averaging in weight from 35 to 68 pounds when the experiments 
began. Full grain rations were fed in all but three cases; in these a 
half-ration was fed in two cases and in the other three-fourths of a full 
ration was given. In all but one of the experiments a small proportion 
of tankage was fed to supplement the corn. The results are shown In 
Table 65. , 


Table 65. Clover versus Alfalfa 
(Average 9 Experiments) 



A verage 

Average 

A verage 

Concentrates 


Number Pigs 

Length of 

Daily 

Eaten for Eai h 

Forage 

per Acre 

Tests 

Cain 

JOO Pounds Cl am 



days 

lb. 

lb 

Clover 

15 

1 13 

1.290 

352 

Alfalfa 

15 

113 

1 303 

344 


AUIiouglf the rate of gain was practically the same, the pigs on 
alfalfa made their gains on somewhat Ic^s feed. Also the alfalfa plou 
produced the heavier cuttings of hay and furnished during the summer 
a more uniform supply of succulence, particularly when the season 
was dr\’. 
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Clover versus rape. These two forage crops have been compared in 
seven feeding experiments at the Iowa, Illinois, Wisconsin, and In- 
diana Stations the summarized results of which appear in Table 66. 
In each trial the pigs on clover were fed the same grain ration as those 
on rape. Pigs of spring farrow were used and, except in the Wisconsin 
trials, were confined to measured areas of forage. The experiments 
covered periods ranging from 60 to 141 days. 


Table 66. Clover versus Rape 
(Average 7 Experiments) 


Forage 

Average 
Number Pigs 
per Acre 

A verage 
Length of 
Tests 

Average 

Daily 

Gain 

Concentrates 
Eaten for Each 
100 Pounds Gain 



days 

lb. 

lb. 

Clover 

19 

97 

1.305 

359 

Rape 

18 

97 

1.167 

349 


In five of the seven experiments the pigs on clover made the faster 
gains, while the pigs on rape gained faster in two. In each trial, on the 
other hand, the pigs getting rape required less concentrates for the 
production of a given gain. In some of the experiments a small cutting 
of hay was taken from the clover lot. The carrying capacity of these 
two crops when grown on good soil appears to be about the same. 

LADING CLOVER 

This fast-growing perennial legume, which spreads by creeping 
stems that take root at the joints, is the largest of the three varieties of 
white clover. The seed originally came to this country from northern 
Italy and was first successfully grown in the irrigated valleys of the 
West. It is successfully grown on the better soils of the New England 
states and is rapidly gaining favor in the Com Belt as a forage of great 
promise. The growth is fine and leafy in character, it is highly nutri- 
tious and extremely palatable. It starts growth fairly early in the spring 
and continues to furnish grazing until late in the season. It recovers 
quickly after being grazed down. Because of its leafy character, it is 
difficult, by itself, to cure for hay. The root system is shallow and it 
does not stand extreme drought well. For thick, heavy production a 
fertile, well-drained soil is necessary. 

Lndino versus alfalfa. The relative merits of these two legumes 
when used as forage for growing-fattening pigs were studied by Vesta 
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Fig. 44. Experimental pigs on ladino clover. This giant variety of white, 
clover when grown on good soil has proved superior to alfalfa (Leaflet 226> 
Ind. Exp. Sta.). 


and Mott of the Indiana Station ^ in experiments conducted in 1 948 
and 1949. The pigs, 15 and 18 to the lot, were fed from a starting 
weight of 47 pounds for periods of 84 and 90 days, respectively, in the 
two series. The forages were compared in two systems of feeding: 
in one with a protein supplement, in the other without a protein sup- 
plement. The basal ration consisted of shelled corn, self-fed, and a 
simple mineral mixture and salt, self-fed. The protein supplement was 
equal parts soybean oil meal and meat and bone scraps, self-fed. Lots 
receiving the supplement had 0.8 acre of forage; those without it 1.2 
acres. The results, averaged for the two years, are summarized in 
Table 67. 

Table 67. Ladino Clover Compared «ith Alfalfa 
(Average 4 Experiments) 




Number 

A verage 

Concentrates 



Pigs Grazed 

Daily 

to Produce 1 00 

Rations 

Forage 

per Acre 

Gain 

Pounds Gain 




lb. 


Jb 




1.60 


101 

Basal 4- P. supplement 

Alfalfa 

20 

Sup . 

17 




I 70 


:v7 

B.asal 4- P. supplement 

Ladino 

20 

-Sup . 

:6 

Basal only 

Alfalfa 

16 

1.37 

C orn. 

314 

Basat only 

Ladino 

16 

IJl 

Corn. 

3:i 


•C. .M. Vestal and G. O. -Mott. A.H. MuacOi. .Sm. 33 and 43, 1>44 irA l/4> 
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I In both series o£ trials, in which there were a total of 66 pigs on 
inch treatment, the pigs on ladino, both with and without supplement, 
consistently outgained those on alfalfa. And, what is also most sig- 
nificant, they ate 30 percent less protein supplement for a unit of gain. 
These results furnish strong testimony of the palatability, composi- 
tion, and yield potentialities of this relatively new forage when grown 
on good soil. 

Ladino compared with orchard grass. In an experiment conducted 
at the Pennsylvania Station in the summer of 1946, Gobble and asso- 
ciates ® compared ladino and orchard grass as forages for pigs during 
a 108-day feeding period, the pigs weighing about 50 pounds at the 
start. Pigs in both lots were self-fed free-choice ground shelled com, 
a protein supplement consisting of equal parts low-grade tankage and 
soybean oil meal, and a simple mineral mixture of limestone and salt. 
There were 19 jpigs on an acre of ladino, and 20 pigs on about the 
same area of orchard grass. 

The pigs on ladino made an average gain of 1.17 pounds daily at a 
feed cost of 346 pounds of concentrates for each 100 pounds of gain; 
those on the orchard grass gained at the rate of 1.05 pounds daily and 
required 375 pounds of concentrates for 100 pounds of gain. Also, 
those on ladino consumed 40 percent less of the protein supplement 
than those on orchard grass. Chemical analysis of the two forages 
showed the ladino, on the dry-matter basis, to be much richer in pro- 
tein and calcium, and lower in crude fiber. 

SWEET CLOVER 

This legume has gained some importance as a forage crop for hogs. 

It is successfully grown throughout the United States and southern 
Canada, thriving in both humid and semi-arid climates. On poor 
sandy soils it thrives much better than alfalfa or clover. The white- 
flowered species is more commonly grown in the eastern United States 
rmd the yellow-flowered more commonly in the northern Great Plains 
area. The latter is somewhat finer of stem and more prostrate in habit 
of growth. In the South it is called melilotus. Like alfalfa it has a very 
deep root system and therefore withstands drought well. It does best 
on lime-rich soils. On account of the presence of a bitter-tasting sub- 
stance, called cumarin, pigs do not cat it readily. It is more palatable 
in early summer than later chiefly because it grows rank rapidly and 
the tender new growth is less bitter to the taste. The second year’s 

'J. L. Gobble. R. C. Miller, P. T. Ziceler. and F. L. Bcnllcy, Bui. 516, 1949. 
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growth is not suited to pigs; since it assumes a coarse, woody 
character early in the season, it serves better for shade than for 
feed. 

The early studies of Kennedy and Evvard of the Iowa Station “ 
showed that the first year’s growth of sweet clover has considerable 
value as a forage for pigs. They pastured 22 38-pound pigs on an 
acre from June 22 to November 10. On a ration of corn, with some 
meat meal added during the latter part of the period, the pigs made a 
gain of 1.02 pounds daily. On the second year’s growth similar pigs 
gained only 0.53 pound daily. 

Sweet clover versus alfalfa and rape. First year’s growth of sweet 
clover, seeded in the early spring, has been compared with alfalfa and 
rape in trials both by the Illinois and Minnesota Stations, the averaged 
results being shown in Table 68. Corn and a protein supplement were 
fed to all lots in both experiments; full rations were fed in the Illinois 
experiment and three-fourths of a full ration in the Minnesota test. 
The average initial weight of the pigs was 66 pounds and the final 
weights varied from 200 to 224 pounds. 


Table SS. Sweet Clover Compared with Alfalfa and Rape 
(Average 2 Experiments) 


Forage 

Average 
Length of 
Tests 

A verage 
Daily 

Gain 

Concentrates to 
Produce 100 
Pounds Cain 


days 

lb. 

lb. 

Sweet clover 

123 

1.125 

408 

Alfalfa 

126 

1.170 

388 

Rape 

126 

1.210 

365 


In the Illinois experiment the pigs on sweet clover gained as 
rapidly as did those on alfalfa or rape, although requiring more con- 
centrates for a given gain. In the Minnesota test only three-fourths 
of a full grain ration was fed, which permitted a more reliable valua- 
tion of the forages. Under these conditions the pigs on sweet closer 
gained only 1.05 pounds daily, while those on alfalfa and rape gained, 
respectively, 1.14 and 1.22 pounds daily. The cost of the gains on 
sweet elover in this c.xperiment was SI per hundredweight higher 
than on either of the other forages. In both e.xperinients a small cut- 
ting of hav was taken from both the clover and alfalfa lots. In neither 
test did the pies eat the sweet clover with relish, espeeially at lirst. 

•\V. J. Kennedy and Jnhn .\I. Exatd. Bar I’S. IVl! 
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The carrying capacity of sweet clover is equal if not superior to that 
of alfalfa. 

Robison, of the Ohio Station pastured spring pigs on first year’s 
growth of sweet clover and soybeans from July 18 to September 2(^ 
in two trials. Fed the same amount of grain, which was nearly a full 
ration, the pigs on the soybeans gained more than 20 percent faster 
at a cost of 17 percent less concentrates for a unit of gain. He re- 
ported, however, that the sweet clover would have furnished pasture 
for a much longer time than the soybeans. Smith of the Washington 
Station found in one trial that sweet clover and alfalfa were equally 
efficient as forages when the pigs were fed limited rations. He reported 
that the sweet clover remained green for a longer period during the 
drier part of the summer than did the alfalfa. At the Kansas Station, 
Weber and associates found sweet clover to be a very satisfactory hog 
forage. In two trials it proved nearly as valuable as alfalfa. In one of 
the tests the season was unusually dry and the pigs on sweet, clover 
gained considerably faster than did those on the alfalfa. 

OTHER CLOVERS 

Because of its leafy character, fine stem, and good yielding powers, 
alsike is probably the equal of red clover as a forage for pigs. It is a 
long-lived perennial and thrives particularly in a cool climate and with 
abundant moisture. It rarely winter-kills and does well on water- 
logged or “clover-sick” soils. Due to its tardier growth, it is not avail- 
able for grazing so early in the spring as red clover. Mammoth clover 
is not as highly regarded, as a rule, as medium red, chiefly because of 
the coarse quality of its growth. It is a heavy yielder, however, and 
does well on thin sandy soil. White clover is a persistent-growing 
perennial which adds greatly to the value of permanent pastures of 
both the North and South. Crimson clover is an annual particularly 
suited to the climate and soil of the South Atlantic states. It provides . 
valuable forage for hogs during the winter. Varieties of bur clover 
are successfully grown and used as forage crops for hogs in the South 
and West. It is regarded as a valuable supplement in Bermuda pas- 
tures. Lespedeza, or Japan clover, is one of the valuable legumes in 
the South and is beginning to command attention in the North. It is 
an annual, but reseeds itself every year. In every seetion of the coun- 
try some species of clover may be grown successfully for forage 
purposes. 
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Fig. 45. Pigs grazing alfalfa. Because of its adaptability, deep root s>sleni, 
abundant yield, and richness in protein, minerals, and vit.imins, alfalfa is un- 
excelled as a forage crop (photo by Alleiii. 


ALFALFA 

Alfalfa is one of the most important suine forages. It combines 
the merits of unusual palatability anil richness in protein. nnner.iN. 
and vitamins with heavy yielding povscib, peimanency, the abdiiy to 
furnish a uniform supply of forage through a long gro\Mng se.i-.on. 
and exceptional ability to \\ltll^l.lnll drought It i> a deep-rooted 
perennial and docs best \ihen the water level is not li>o close to the 
surface. 
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pounds of shelled or ear com daily for each hundredweight of pig 
made an average total gain of 3191 pounds on one acre of forage and 
7752 pounds of shelled com. One hundred pounds of pork, in other 
words, were produced for 243 pounds of com with forage. On similar 
plots, the yield of alfalfa hay was 5.58 tons to the acre. With hogs at 
$7 per hundredweight and corn at $1.07 per hundredweight, it was 
figured that the net return from an acre of forage was $140.42 for the 
season, or a return equivalent to $25.16 a ton for the hay. 

Alfalfa versus rape. Six experiment stations have studied more or 
less extensively the relative merits of alfalfa and rape as forages for 
pigs. In all 27 comparisons have been made, the summarized results 
of which are shown in. Table 69. The trials were all with spring pigs 
which averaged in weight from 45 to 82 pounds at the start and cov- 
ered periods ranging from 80 to 190 days. In most of the experiments 
practically full rations were fed; in three of the trials one-half to three- 
fourths full rations only were allowed, A protein supplement was fed 
with the grain in all cases. 


Tabic 69, Alhilfa versus Rape 
(Average 27 Experiments) 


Forage 

A veraga 
Number Pigs 
per Acre 

Average 
Length of 
Tests 

Average 
Daily Gain 
per Pig 

Concentrates 
Eaten for Each 
100 Pounds Cain 



days 

lb. 


Alfalfa 

18 

121 

1.188 


Rape 

17 

121 

1.144 



It would appear from these average results that Dwarf Essex rape 
is nearly the equal of alfalfa as a forage. In most of the experiments 
the pigs on alfalfa gained faster, while in a majority of the trials those 
on rape made their gains on less concentrates; the average cost for 
all was about the same. A significant point, which docs not appear 
in the table, is that in a number of the experiments 1 Vi to nearly 2 
tons of cured hay to the acre were taken from the alfalfa lots (sec 
Table 65, Clover vs. Alfalfa; Table 68, Sweet Clover vs. Alfalfa; 
Table 76, Sudan Grass vs. Alfalfa). 

Bromc grass versus alfalfa. Becker and associates of the Illinois 
Station ” compared brome grass with alfalfa for growing and fatten- 
ing pigs. Fifteen pigs on an acre of bromc grass and 16 comparable 

D. E. Decker, J. U KriJer. R. F. VanPoucke. and W. E. Carroll, .Mimeo. KpU 
ID. Saine Croaers' Day, April, W6. 
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pigs on an acre of alfalfa were full-fed a ration of shelled com, soy- 
bean meal, and minerals from an initial weight of 53 pounds to about 
200 pounds. The pigs on brome grass gained 1.26 pounds daily; those 
on alfalfa gained 1.37 pounds daily. The alfalfa pigs reached market 
weight about 1 week earlier than those on brome grass. The dry feed 
consumed for each 100 pounds of gain was 376 for the pigs on brome 
grass, and 353 pounds for those on the alfalfa. The experimenters 
reported that the brome grass was very palatable, withstood tramping 
reasonably well, and remained succulent throughout the summer and 
early fall. 

In another trial these investigators compared two systems of feed- 
ing on brome grass. One lot was fed corn and minerals alone; a second 
lot was hand-fed in addition soybean meal in an amount to represent 
about 10 percent of the dry ration. There were 20 pigs in each group 
allotted each to an acre. The results were strongly in favor of the pigs 
fed the soybean-meal supplement. They consumed more feed, gained 
more than 20 percent faster, and reached market weight 26 days 
earlier. Also, less feed was required for a unit of gain. In still another 
comparison it was shown that partly grown pigs of a weight of 125 
pounds at the start made faster and cheaper gains up to market weight 
when supplied the supplement in addition to the basal ration of com 
and minerals. 


DWARF ESSEX RAPE 

Rape is a quick-growing succulent annual, unsurpassed by crops 
of this class as a forage for pigs. The plant is unusually tender and 
succulent and is eaten with relish and no waste. Although not a 
legume, it ranks with alfalfa and the clovers as a cheap source of 
protein and a balancer of corn. Rape is a very heavy yiclder and 
possesses unusual carrying capacity. It may be heavily stocked and 
intensively grazed for a short period or it may be handled so that it 
will furnish grazing until freezing. Planted in the fall, rape has proved 
a valuable winter forage in the South. Although it docs best in a cool 
moist season, it stands ne.xt to alfalfa in its ability to withstand 
drought. It may be planted so as to supply forage any time during 
the season, although the earlier planting yields heaviest. With timely 
rains, rape continues to renew' itself throughout the summer if not 
pastured loo closely. For this reason, alternating the pigs on dilferent 
lots ensures the best results. 

Rape mixes well when sown with Canadian tielj peas, oats, or 
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clover. It is often seeded with oats, and will come on and furnish 
valuable succulence after the grain is harvested. If sown between the 
com rows at the time of last cultivation, it will ensure better results 
when hogging down the com. Rape may be sown broadcast or drilled 
in rows 24 to 30 inches apart. The latter method of seeding is usually 
to be preferred as it may be cultivated, it will yield heavier, and the 
pigs will destroy less by tramping. Pigs recently weaned should be 
turned on when the plants are 14 to 16 inches high; with fall pigs, 
the growth should be, preferably, 16 to 18 inches high. 

Every year a few feeders report that their pigs refuse to eat rape, 
but at none of the stations of the country where experimental studies 
have been made of this forage have any results been obtained which 
would tend to support such a conclusion. Its tendency to cause sores 
and blisters on thin-skinned pigs is not considered serious. The 
trouble may be largely avoided by keeping the pigs out while rain or 
dew is on the plants. Pigs badly blistered have been successfully 
treated by washing or spraying with a disinfectant, then greasing with 
lard or vaseline (see Table 66, Clover vs. Rape; Table 68, Sweet 
Clover vs. Alfalfa and Rape; Table 69, Alfalfa vs. Rape). 

Early versus late rape and other forages. An experiment conducted 
during the summer of 1909 at the Iowa Station tested the relative 
merits of the following forage crops; early-sown rape; late-sown rape; 
a mixture of oats, clover, and rape; a mixture of Canadian field peas, 
oats, and rape; and bluegrass and timothy pasture. The rape in both 
lots was broadcasted, the early planting being seeded May 4 and the 
late July 5. The mixtures in the other two lots were drilled May 4. A 
full ration of ear corn was fed all lots, supplemented during the last 
30 days by the addition of 10 percent of meat meal. The results are 
shown in Table 70. 

With those lots fed for approximately the same length of time, the 
mixture of oats, clover, and rape gave the best results. In this lot the 
gains were fastest, the amount of grain fed for each 100 pounds of 
gain made was least, and the amount of pork credited to one acre of 
forage greatest. Although the amount of grain required to produce 
100 pounds of gain was greater in the early rape lot than in the lot 
on oats, peas, and rape, the gains were faster. As measured by the 
amount of pork or concentrates credited to each acre of forage, the 
latter crop was more profitable. The bluegrass and timothy pasture 
cave returns very much less favorable than the other forages, owing, 
no doubt, to the fact that this crop did not supply as much protein. 
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Table 70. Early- versus Late-sown Rape versus Forage Mixtures 


Forages 

Number 

Pigs 

per 

Acre 

Length 

of 

Period 

A verage 
Daily 
Gain 
per Pig 

Concentrates 
Eaten for 
Each 100 
Pounds 
Gain 

Pork 
Credited 
1 Acre 
of 

Forage 

Early-sown rape 

17 

147 

0.81 

326 

371 

Late-sown rape 

19 

104 

1.36 

371 

195 

Oats, clover, and rape * 
Canadian field peas, 

17 

147 

0.91 

318 

458 

oats, and rape 
Bluegrass and timothy 

17 

147 

0.85 

339 

419 

pasture 

14 

165 

0.72 

393 

28 


“ Mixture of 48 pounds of oats, 8 pounds of red clover, and 2 pounds of rape 
sown to an acre. 

Figured on the basis that 4 pounds of grain would have beerf required to produce 
1 pound of gain under dry-lot conditions. 

minerals, or vitamins to balance the straight corn fed during most 
of the experiment. The value of a late planting of rape is well shown 
by these results. The more rapid daily gains in this lot as compared 
with the early rape lot are probably to be explained by the larger 
size of the pigs and also by the fact that straight com was fed for a 
shorter proportion of the time. 

In the forage experiments at the Iowa Station in 1911, rape alone 
proved slightly inferior to a mixture of oats, Canadian field peas, and 
rape. 

Winter rape. Rape is a valuable winter and spring forage crop in 
the South. Planted in September or October it will furnish grazing 
usually for a period of about 3 to 4 months, from January to May, 
and will support on the average at least six well-grown shotes to the 
acre. 

COMBINATIONS: CANADIAN FIELD PEAS, OATS, CLOVER, ILVPE 

As a rule, a mixture of two or more plants possessing similar re- 
quirements in temperature and soil give a heavier yield as a forage 
than any one of the crops grown separately. Also, a more uniform 
supply of succulence may be provided by selecting for the combina- 
tion crops which make most of their growth in successive periods of 
the summer. For these reasons, various mi.xturcs of the abose crops 
arc commonly planted and successfully used for forage purposes. 

In the latitude of the northern Com Belt and farther north, the 
Canadian field pea is a standard forage crop for pigs. It is a rapid- 
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growing legume, occupying the same class as the alfalfa and the 
clovers in its ability to furnish protein. Five or six weeks after plant- 
ing it is ready to use. It is a decided cool-weather crop and does best 
when planted as early in the spring as the ground can be worked. It 
should not be confused with the cowpea, which is extensively grown 
in the South. It is particularly sensitive to heat and wilts early in a 
dry hot summer. It should always be grown with oats, or some such 
crop, which will support the vines; otherwise considerable loss will 
result from trampling and mildew. In the North the pigs are some- 
times not turned in until the pods are well filled, although the more 
common practice is to use it as a green crop by pasturing it after the 
growth is about 10 inches high. 

Forage mixtures for fall pigs. In the summer of 1910, the Iowa 
Station fed four lots of tall pigs on different forage combinations. The 
forages tested were made up of a mixture of oats and rape in com- 
bination with red clover, hairy vetch, or Canadian field peas in the 
first three lots, while in the fourth a mixture of oats and clover was 
alternately grazed with rape. 

The crops were seeded April 4 by drilling in the following propor- 
tions and quantities to the acre: Lot I, 48 pounds of oats, 8 pounds 
red clover, and 2 pounds rape; Lot II, 48 pounds oats, 90 pounds 
peas, and 6 pounds tape. The mixture of oats and clover for Lot IV 
was drilled in rows 8 inches apart. The rape was drilled in rows 24 
inches apart and given three cultivations. The experiment began 
May 26 and closed November 11. Each Jot was fed a grain ration of 
ear corn with about 7 percent of tankage added. Full rations were fed 
during only the last 85 days of the trial. The results are shown in 
Table 71. 


Tabic 71« A Comparison of Clover, Hairy Vclch, am! Canadian Field Peas 
in Combination tvUh Oats and Rape for Fall Pigs 


j\i/fnber 
Pigs per 

Forages Acre 

Length 

oi 

Test 

A verage 
Daily Gain 
per Pig 

Concentrates 
Eaten for Each 
WO Pounds Gain 


days 

lb. 

Ib. 

I. Oats, clover, and rape 11 


1.22 

445 

IL Oats, vetch, and rape 1 1 

168 

I.2T 

447 

HI, Oats, peas, and rape 1 1 

168 

1.31 

414 

IV. Oats and clover 

alternated with rape 13 

168 

1.17 

460 


All the pigs were extremely heavy at the close of the experiment. 
For this reason the amount of feed required to produce 100 pounds 


FORAGE CROPS 


257 


o£ gain was considerably greater than that previously shown necessary 
for spring pigs. Also, the pork credited to eaeh acre of forage was 
less than tliat usually obtained with younger pigs and similar crops. 
Of these three forage mixtures, oats, vetch, and rape proved the least 
profitable. The authors stated that the vetch was of little value in 
the mixture. It came on and made good growth in July and August, 
but the pigs ate little of it. As the result of their observations, they 
strongly advise against the use of hairy vetch as a hog pasture in Iowa. 
The returns in Lot IV, in which oats and clover were alternated with 
rape, were disappointing. After the rape had been well eaten down 
early in the season, the pigs were changed to oats and clover. From 
late July until the end of the season the pigs were on the rape again, 
as the oats and clover furnished practically no feed during this 
time. 

Oats versus other forages. In Table 72 are shown the results of an 
experiment at the Iowa Station in 191 1. In this test a comparison was 
made of a mixture of oats, Canadian field peas, and rape with oats 
alone, and with rape alone. The pigs in all three lots were turned in 
June 13. At this date the oats in the oats-alone lot were just beginning 
to head. 


Table 72. A Comparison of Oats with Other Forages for Spring Pigs 


Forages 

Number 
Pigs Per 
Acre 

Length 

of 

Test 

Average 
Daily Gain 
per Pig 

Concentrates Re- 
quired for Each 
100 Pounds Gain 



days 

Jb. 

lb. 

Oats 

30 

90 

0.63 

365 

Rape 

43 

160 

1.07 

385 

Oats, Canadian field 





peas, and rape 

31 

160 

1.16 

370 


The experiment was continued for each forage lot as long as feed 
remained, the oats in the oats-alone lot being exhausted 70 days 
earlier than the forages in the other two. The pigs averaged 26 pounds 
when the experiment began and were given full rations of ear com 
with about 5 percent of meat meal. 

Because of the exceptional number of pigs carried on an acre of 
the rape, this forage proved to be the most profitable. This lot was 
pastured at the rate of 30 pigs an acre until September 1 1 when the 
number was increased to 60. Seven extra pigs were added to the lot 
on oats, peas, and rape for 30 days in the last part of the c.xpcrimcnt. 
The oats alone proved to be a poor forage with this method of pastur- 
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ing, although the volunteer growth supplied considerable green feed 
during the late summer. 


RYE : WHEAT 

One of the most valuable characteristics of green rye as a forage 
crop is that it furnishes a supply of green succulent material rich in 
vitamins and protein when the other forages and pastures usually 
are of little value. Balbo rye is particularly palatable, yields heavily 
when grown on good soil, and has proved a boon on the Com Belt 
hog farm in maintaining thrift and reproductive performance in the 
breeding herd. 

If planted early in the fall, rye will supply valuable grazing in an 
open winter until late the next spring. If pastured lightly and the pigs 
are not allowed to remain on it too late, it will yield its normal harvest 
of grain. The pigs are often allowed to remain on the land until after 
the crop has matured, or it may be pastured heavily in the spring and 
the land early prepared for other crops. When seeded between the 
com rows late in the summer, it will supply valuable succulence for 
the shotes when “hogging-down” the com, or for grazing by the bred 
sows and gUts after the com has been harvested. 

Wheat is very much like rye. In the winter wheat belt, drilled in 
August or September, it will supply succulence and food in an open 
winter until time to prepare the land for spring planting. It does not 
pay usually to leave the pigs on to harvest the matured grain. 

Experiments by Martin ol the Arkansas Station'-^ showed that 
fall-seeded rye, oats, and wheat were of practically equal value as 
grazing crops for pigs during the winter. Compared with soybeans, 
planted in the spring and carried over for winter grazing, these cereals 
proved more valuable as forages during January and February. His 
feeding trials showed that 70-pound pigs can be fattened successfully 
and economically on a self-fed ration of com and minerals when 
grazing any of the cereals. 

At the Michigan Station, McMillcn found that August-sown rye, 
seeded at the rate of 1 Vi bushels per acre, was excellent as a means 
of extending the normal pasture season. Grazed by brood sows during 
late fall and early spring, it proved cheap insurance against possible 
breakdowns during late gestation, weak litters, and lactation fail- 
ures. 


TdKar Marlin, Bui. 321, 1935. 

1 W. N. McMillcn, Mich. Qt. But, Vol. 28, No. 4, 1946. 
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BLUEGRASS: TIMOTHY 

Although bluegrass pasture has its largest use for horses and cattle, 
it may be employed profitably for pigs during the spring and autumn, 
when the usual forage crops are often not available. On those farms 
where the production of forage crops and the feeding of balanced 
rations has been given little if any attention, it has been of large value 
as a supplement to the com ration. It may do well on land too rough 
for crops; it is permanent, cheap, and a valuable adjunct to other 
forages. Like any crop, the yield and quality of bluegrass varies widely 
with the kind of soil on which it is grown, the temperature, the rain- 
fall, and the way in which it is managed. 

Because it seeds in the spring or early summer and remains in a 
more or less dormant state until autumn, however, it does not rank 
high as a sole forage for pigs. The good hogman will seek to provide 
other forage crops, reserving his bluegrass pastures for the other 
classes of stock. Hogs have ruined many fine bluegrass pastures. 

Bluegrass and timothy versus clover and alfalfa. In Table 73 are 
given the results of an experiment conducted at the Iowa Station in 
1909 in which a pasture of bluegrass and timothy was compared with 
alfalfa in one case and clover in another. The pigs were of spring 
farrow and weighed between 33 and 34 pounds on June 4 when the 
test began. In addition to the forage, the pigs of each lot were given 
a full feed of car com, supplemented during the last 39 days of the 
trial by the addition of 10 percent of meat meal. The experiment 
covered a period of 165 days, practically the entire time from weaning 
to marketing. 


Tabic 73. Bluegrass and Tiniolliy sersus Closer and Altalta 


Foroiics 

A verage 
Sumher 
Piss 

per Acr^ 

A V eriisf 
Daily 
Gain 
per Vn 

Cor.c<ntTiit<5 Concentratet 
to Produce Su \eJ b'l 

100 Pounds 1 At re 

Gam Itoa-ie 

P<.ri 

, (< ( reJ.U^. 
J Aire 
Fi'rj,'e ' 



lb. 

lb. 

Ib 

I-' 

Blucgras-> and 





limoihy 

13.9 

0 7: 




Alfalfa 

13.9 

0‘>9 




Closer 

13.9 

I 07 

3?: 

1 1 /5 

- / r 

Clover 

13.9 

I 07 


11:1 



* t icaled on the bas-s l.s.al U rssasis af .... 
for tn Jf*-!*-* i 


Liil 39 i— *.• . »vl i - / 
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pork credited to each acre of forage would undoubtedly have been 
greater if a small quantity of meat meal had been fed earlier in the 
test. The relative merits of the crops are well shown by the rates of 
gain and the concentrates required to produce 100 pounds of gain. 
The superiority of the legumes clover and alfalfa, over the bluegrass 
and timothy, was marked. Clover gave slightly better results in this 
experiment than did alfalfa, although the authors of the bulletin, as 
the result of other studies, rank it below alfalfa in value. The uni- 
formity of the results from the two lots on clover testifies to the care 
exercised in making the different lots comparable. 

Although timothy is not a valuable forage crop for pigs, it is some- 
times profitable to make use of it for this purpose. It is very succulent 
and palatable, but low in its content of protein. It supplies con- 
siderably less protein in proportion to its carbohydrates than does 
either rye or bluegrass. As shown by experiments conducted at the 
Iowa Station in 1906, the feeding of pigs on timothy gave fairly 
satisfactory results when compared with dry-lot feeding. In Table 74 
. are given the averages for four lots on timothy and four comparable 
lots fed in the dry yard. The pigs in both the dry and forage lots were 
fed balanced rations. 


Tabic 74. Timothy versus Dry-lot Feeding 
(Average 4 Experiments) 



Number 
Figs 
Grazed 
to Acre 

Average 
Initial 
Weight 
per Pig 

Average 
Daily 
Gain 
per Pig 

Concentrates 
Eaten for 
Each 100 
Pounds Gain 

Pork 
Credited 
1 Acre 
Forage 



Ih. 

lb. 

lb. 

\b. 

Dry lot 

— 

59 

0.938 

461 

— 

Timothy 

11 

57 

1.240 

406 

197 


SWEET SORGHUM 

Sorghum is used more or less extensively as a forage for swine in 
the southern part of the Com Belt and farther south and in the semi- 
arid regions of the Southwest. Its chief merit is its ability to furnish 
a heavy tonnage of succulent feed in a dry hot season. It should be 
pastured ordinarily while the plant is young and lender, or when 1 
to 2 feet tall, although it is sometimes allowed nearly to mature before 
turning in. Results of feeding trials conducted at the Alabama Experi- 
ment Station, however, showed that the latter method did not give 
profitable returns for the crop. The following tabulated results were 
secured at the Missouri Experiment Station when pastured early. The 
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plants were 1 to 2 feet high when the experiments began. The pigs 
were fed balanced rations and were turned in when weighing from 
60 to 90 pounds each. 

Tabic 75, Results from Pasturing Sorghum 


Veer 

i^umber 

Days 

Pastured 

Number 
Hogs 
per At re 

Total 
Gain 
per Acre 

Total 

Concentrates 

Fed 

per Acre 

Concentrates 

Fed 

for Each 
100 Pounds 
Gain 




lb. 

Ib. 

lb. 

1910 

105 

14 

1412 

6584 

460 

1912 

68 

16 

869 

3112 

350 

AVERAGE 

86.5 

15 

1145 

4548 

405 


The chief fault of this crop as a forage is its coarseness and its 
carbonaceous nature. It is more suitable for cattle or sheep than it 
is for pigs. 

SUDAN GRASS 

This quick-growing annual is very much like the sorghums in its 
carbonaceous character, climatic adaptation, and habits of growth, 
although it is finer of stem and more leafy. It is especially adapted 
to the Southwest where the rainfall is uncertain, but does well also 
in the more humid areas. It is grown successfully from South Dakota 
to Texas, as well as in other states. For pigs it should be broadcast, 
20 to 25 pounds of seed to the acre. Since it is rank in growth it is 
often advisable to cut it back when grazed by young pigs. It will 
supply grazing normally from about July I to November 1, and its 
carrying capacity is practically equal to that of alfalfa. Because of its 
carbonaceous character, however, it is more necessary to feed a pro- 
tein supplement with the grain to pigs on this forage. 

Sudan and alfalfa compared. The value of Sudan grass as a forage 
for spring pigs is indicated by the results of experimental studies made 
at the Kansas, Nebraska, and Pennsylvania Stations, in which it was 
compared with alfalfa. A summary of these results is given in Table 
76. Altogether there were 10 comparisons made involving the use of 
325 pigs. The pigs averaged from 45 to 81 pounds at the beginning 
of the different experiments, the grazing period varied from 56 to 120 
days, and the number of pigs grazed to the acre, which was the same 
for both forages in each case, was 23, on the average. In two trials 15 
pigs only were grazed to the acre, and in one there were 32 to the 
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acre. In each experiment the same ration was fed to both lots. Com 
was the only concentrate fed in five cases, while in the other five a 
protein supplement of tankage, or a mixture of wheat middlings and 
tankage, was fed with the corn. Full grain rations were fed in five of 
the trials, and one-half to three-fourths full rations in five others. 


Tabic 76. Sudan Grass Compared with Alfalfa 
(Average 10 Experiments) 


Forages 

Average 
Number Pigs 
Grazed 
per Acre 

A verage 
Length 
Grazing 
Period 

Average 
Daily Gain 

Concentrates 
to Produce 

1 Cwt. Gain 



days 



Alfalfa 

23 

65 

0.79 

302 

Sudan grass 

23 

65 

0.69 

341 


In every case the pigs on alfalfa gained faster than those on Sudan 
grass; the difference in favor of the alfalfa-fed pigs was greatest in 
those experiments in which limited grain rations were fed. The 
amount of grain eaten for each hundredweight of gain was 14 percent 
less for the pigs on alfalfa, on the average. The difference in the 
economy of gains was greater than this in those trials where limited 
amounts of concentrates were fed. The observation was made that 
pigs weighing 80 pounds when turned in do very much better on 
Sudan grass than do pigs weighing 45 pounds. At Kansas 70-pound 
pigs could not keep it pastured down, necessitating cutting twice 
between July 3 and November 1. Although not equal to alfalfa, Sudan 
grass made a very favorable showing in these trials. 

Martin of the Arkansas Station found Sudan grass, as well as 
sweet sorghum, superior as a summer-grazing crop for pigs to either 
soybeans or cowpeas, especially when no protein supplement was fed. 
When tankage was fed with com and minerals, sweet sorghum and 
Sudan grass were practically equal. Sudan grass proved to be more 
palatable than either soybeans or cowpeas, especially when closely 
grazed. 

SOYBEANS 

Soybeans have become an important legume in the United States. 
Although primarily a southern crop, the rapid increase which has 
occurred in its commercial production in recent years has been the 
result largely of a marked increase in acreage in the North Central 

“Edgar Martin. Bui. 321, 1935. 
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states, particularly in Illinois. This increased acreage is not due, how- 
ever, to the popularity of the crop as a green forage plant for pigs, 
but rather to its use for hay and seed. 

As a forage plant it is a good soil builder, is rich in protein, does 
fairly well on sandy soils, and may be profitably grazed by pigs fed 
com only. The stock of the plant is rather stiff and woody in most 
varieties, however, and the leaves shatter easily. As a result it does 
not supply satisfactory pasturage for a long period. 

Godbey of the South Carolina Station grazed spring pigs on soy- 
bean forage at the rate of 12 pigs to the acre during each of four years. 
They were turned in when the plants were about 18 inches tall, at 
a weight of 50 pounds. They were grazed for a period of 106 days, 
on the average, and weighed 200 pounds when the trials closed. The 
ration fed was a full feed of corn and a half-feed of tankage. By com- 
paring the results with those obtained by comparable groups of pigs 
fed the same ration in dry lots, it was calculated that an acre of beans 
saved 1184 pounds of feed (com and tankage), or should be given 
credit for producing 376 pounds of pork. As a result of these e.\pori- 
ments with soybeans and other crops, the author concluded that soy- 
beans are the best summer and fall forage for growing and fattening 
pigs in his state. By grazing the beans in the green and mature stages 
and by using varieties which mature at different times, it was claimed 
that the grazing season could be c.xtcndcd to si,x months. 

Robison of the Ohio Station in an c.xpcrimcnt in which 45-pound 
pigs were turned in on the soybeans July 15, when the beans were 
about 10 inches high, and continued for 77 days or until November 
10, found the forage considerably inferior to rape or clover. In .i 
later cspcriiuciit the beans gave belter results than sweet clover, the 
grttzing period being from July IS to September 26. Weaver reports 
that soybeans have not given as good results in .Missouri as alfalfa, 
clover, rape, Sudan grass, or sorghum. Haskell of the U S Dep.irt- 
ment of Agriculture recommends the substitution of sovbeam fur 
covvpeas on the heavier types of soil in the eoasial plains, but s.r. t 
they are a very uncertain crop on the light soils which are cliaracicr- 
islic of this area. 

The use of soybeans as a seed crop to be bugccd.s.:f i:i il.c fa.s 
either alone or with corn is treated m C.hapicr .\1 
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tein as a feed, and its general adaptability to soutliem conditions. It 
does well on light sandy soils and, even with scant attention, will pro- 
duce a short summer crop of hay or forage. It will produce a good 
crop when planted late, following oats or other winter crops. Usually 
the leaflets start falling as soon as the pods begin to ripen, and it is 
very sensitive to frost. 

At the Alabama Station, Gray pastured pigs on fairly mature cow- 
peas from August 12 to November 5. Fed a half-feed of corn and 
tankage, the pigs on forage gained 0.97 pound daily, while a com- 
parable group of pigs fed a full ration of corn and tankage and con- 
fined to a dry lot gained only 0.54 pound daily. The crop did not 
prove profitable in this experiment, however, because the stand was 
so poor that the pigs were grazed at a rate of less than three to the 
acre. Based on the results of six trials at the Missouri Station, Weaver 
reported that cowpeas gave satisfactory results in only one out of the 
six years tried. On the average 13 pigs were grazed to the acre for a 
period of one month. The amount of pork credited to each acre aver- 
aged 149 pounds. 

BERMUDA GRASS: CAT-TAIL MILLET 

Bermuda grass is to the South in economic importance what blue- 
grass is to the North. It is adapted to the same areas as cotton and 
docs best on well-drained rich soil. Haskell recommends that it be 
given a place on every hog farm of the South as a permanent pasture. 

Cat-tail, or pearl, niillet, seeded in the early spring, promises to 
become a valuable forage for pigs in the South. Since it is a strong 
rank grower and soon becomes coarse, it is advisable to pasture it 
heavily and early. Early grazing also induces stooling, which tends to 
increase its carrying capacity. Ordinarily it will supply a palatable 
forage from the middle of April to the middle of July. 

RECOMMENDED FOR-VGES FOR DIFFERENT ARE.VS 

On every hog farm there probably is some one forage, or succes- 
sion of forages, which meets most cllicicntly the requirements for 
green feed. The one should be selected which meets the needs tind is 
best adapted to the soil, climate, and crop-rotation plans. In the fol- 
lowing tables there are li.sted the forage crops which are recommended 
by various authorities in the dillercnl areas, together with suggestions 
relative to rate of seeding, time of planting, and rate and lime of 
grazing. In the longer tables all adapted crops have lieen listed without 
reference to their relative merits, the purpose being to give useful 
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information about their production, yields, and use which will assist 
the reader in working out a plan that will be most satisfactory for 
his own particular farm. 

Table 77. Temporary and Permanent Forages for Iowa Swine 


Kind of 
Forage 


When 

Sown 


per 

Acre 


Length of 
Pasture Season 


No. Hogs 
per Acre 


Remarks 


Rye (Winter) Sep- 
tember 


Rape (Dwarf Oat 


6pks. Late fall, early 6 sows Rye pasture should be 
spring until and litters plowed about May 
May 15th I5th and planted to 

some crop 


Essex) 


Seed- 


Rape should 20 to 25 
reach 8 or 9 in. growing 


Oats may be sown at 
the rate of a bushel or 



ing 

time 


before pastur- 
ing, lasts until 
winter 

hogs 

so per acre. Rape is 
sometimes sown with 
oats which is cut for 
grain; after which rape 
comes along and 
makes fall posture. 

Alfalfa 

Spring, 

with 

small 

grain 

12 Ib. 

May be pas- 
tured late fall 
first season, 
after that al- 
falfa is a full- 
season pasture 

15 to 30 
depending 
on ho'w 
hogs arc 
fed 

6 lb. bromc seed may 
be sown with alfalfa 

Sweet Clover 
(Biennial) 

Seeded 

with 

small 

grain 

8 to 

10 lb. 

Same as alfalfa 

15 to 30, 
as with 
alfalfa 

One bushel of oats 
should be seeded with 
the sweet clover; 2 to 

3 lb. red clover and 1 
to 2 pounds alsiLc 
should be sown with 
the sweet clover to 
carry on 

Red Clover 

Same as 
alfalfa 

81b. 

Same as above 
for alfalfa 

12 to 20. 
as v>ith 
alfalfa 


Sudan 

Usually 

after 

corn 

planting 

151b. 

Until frost 

Same as 
for alfalfa 

Sudan iv used niovtl/ 
as an cmer^nuy pav- 
lufc for hois 

Ladino 

Early 

spring 

to 

21b. 

Same as for 
alfalfa 

Same as 
for alfalfa 

Seeded with 1 b-c^al 
UJlV U> t'tf —f.' ' 

rv'C.-vdv t /I c.« u f. 

«;ed,-J - 1 

“L. U Quaxfe. A^r. lAtciiwon 

ScfVkC. torn* V.1‘ 
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Tabic 78. Pasture Crops for Indiana 


Crop 

Date and 
Method of 
Seeding 

Seed Required 
per Acre 

Approximate 
Time Ready 
to Graze 

Approximate 

Grazing 

Alfalfa 

Timothy 

Ladino clover 

Feb. to May 
or early Aug., 
broadcast or 
drill 

Alfalfa 

Timothy 

81b. 

21b. 

Late summer 
to Sept. 1; 2d 
year. May to 
Sept. 15 

5 to 7 mo. 
for several 
seasons 

Ladino clover 

Feb. to May 
or early Aug., 
drill or broad- 
cast 

Ladino 

I lb. 

Late summer 
to Sept. 1; 2d 
year May to 
Sept. 15 

6 to 8 mo. 
for several 
seasons 

Red clover, 
Timothy 

Feb. to Apr. 
15, drill or 
broadcast 

Timothy 

Red 

Clover 

4!b. 

81b. 

1st year to 
Sept. 1; 2d 
year from 

May on 

Rest of 
summer and 
next season 

Birdsfoot tre- 
foil 

Ladino clover 
Timothy 

Feb. to April 
or early Aug., 
drill or broad- 
cast 

B. trefoil 
Ladino c. 
Timothy 

41b. 

%lb. 

41b. 

2d year from 
May on 

May to Nov. 

K. Lespedeza* 

Feb, to April, 
broadcast 

15 to 20 lbs. 

July 1 to 15 

Until frost 

Oats and rape 

March to 

May, drill or 
broadcast 

Oats 8 pecks 

Rape 3 to 5 Ib. 

May 15 to 

June 1 

Rape until 
frost 

oats 4 to 6 
weeks 

Rape 

March to July, 
rows or 
broadcast 

2 to 6 lb. 


May 15 to 
Aug. 15 

2 to 4 mo. 

Sudan grass 

May 15 to 
July, drill 

25 to 30 lb. 

July 1 to July 
15 

Until frost 

Balbo rye 

Aug. to Nov., 
drill 

6 to 8 pecks 

Late fall and 
early spring 


Rye grass * 
Winterbarley* 

Aug. to Oct., 
drill or broad- 
cast 

10 to 15 lb, 

8 to 10 pecks 

Late fall and 
early spring 



‘ For Southern Indiana. 

”M. O. Pence and C. M. Vestal, Ind. Exp. Sta., Leaflet No. 226 rev.. 1949. 





FORAGE CROPS 


267 


Table 79« Suggested Crops for “All-Year” Hog Pastures in Missouri ” 


Grazing Time 

January and 
February 

March and 
April 

May, June, 
July, Aug., 
Sept., and Oct. 

No\ember and 
December 

(A) On. sweet 
fertile soil 

Blue grass (not 
grazed previous 
summer or fall) 
OR 

Earlyfall seeded 
small grain 

OR 

Tall fescue- 
ladino clover 

Earlyfall seeded 
smaU grain 

OR 

Established 
timothy-lespe- 
deza not grazed 
during winter 

Alfalfa 

OR 

Alfalfa-brome 

OR 

Red-clover 

OR 

Ladino clover 

Tall fescuc- 
ladmo clover 
OR 

Earlyfallseeded 
small grain 

(Ai) On sweet 
soil, medium 
fertility 

Bluegrass not 
grazed previous 
summer and 
fall 

OR 

Early fall seeded 
small grain 

Same as above 

2d year sweet 
clover to July 
15th then Ics- 
pedeza, 1st year 
sweet clover to 
Oct. then early 
seeded small 
grain pasture 

Early seeded 
small grain 

OR 

cither timothy- 
Icspcdeza 

OR 
bluegrass 
neither grazed 
during summer 
or early fall 

(B) On sour 
fertile soil 

Sec Ai 

Same as above 
until June 

After June 1st, 
dwarf cssex 
rape 

OR 

Rape and oats 

See A^ 

(B,) On sour 
soil, medium 
in fertility 

See 

Same as above 
until June 

After June 1st, 
Sudan (trass 

OR 

limoihy-lcspe- 

deza 

OR 

red ti>p-lc>- 
pedc/j 

Sec A, 


**L. A. Wea\cr» Information to the Author. 1950. 
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Table 80. A Four-year Kansas Crop Rotation for Pasturing Hogs^* 


Year 

Field No. 1 

PUtd No. 2 

Field No. 3 

First 

First year sweet 
clover 

Second year sweet 
clover 

Rye sowed in Sept. 

Rye in early spring. 
Sudan grass sowed 
in May 

Second 

Second year sweet 
clover 

Rye sowed in Sept. 

Rye in early spring. 
Sudan grass sowed 
in May 

First year sweet 
clover 

Third 

Rye in early spring. 
Sudan grass “ sowed 
in May 

First year sweet 
clover 

Second year sweet 
clover 

Rye sowed in Sept. 

Fourth 

First year sweet 
clover 

Second year sweet 
clover 

Rye sowed in Sept. 

Rye in early spring. 
Sudan grass sowed 
in May 


* In some sections perhaps rape might be substituted for the Sudan grass, or wheat 
for rye- 

”C. E. Aubel, Kans. Exp, Sta., Bui. 314, 1943, 


Tabic 81. Grazing Crops for Micliigan" 


Pasture Crop 

Rate of 
Seeding 

When Seeded 

When Available 
for Pasture 

Rye 

6-9 pks. 

Late summer or 
early fall 

March, April, May; 
Sept. 15 to Dec. 15 

Bluegrass 

2-5 lb. 

Early spring 

April to June; 

Sept, and Oct. 

Alfalfa or clover 

6-10 lb. 

Spring or summer 

May 1 to Sept. 15 

Alfalfa and bromc 
grass 

6-8 lb. 

1-3 lb. 

Spring or summer 

May I to Sept. 15 

Rape and oats 

3-6 Ib. 

1-3 Ib. 

Early spring 

June 10 to Kov. 15 

Sudan grass 

15-20 lb. 

Late spring 

July 10 to Sept. 15 


M, McMillcn, Mich. Exp. Sta., Ext. DuL 299, 1949. 
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Table 82. Forage Crops for Texas 


Pasture Crop 

Time 

to 

Seed 

Seed 
Required 
per Acre 

Approximate 

Grazing 

Period 

No. Full-fed No. Sows 
Market with 

Hogs Litters 

to 1 Acre to 1 Acre 

Alfalfa 

Sept.-Oct. 

lb. 

15-25 

days 

150-180 

15-25 

4-6 

Bur clover 

Sept.— Oct. 

15-20 

40-60 

15-20 

4 

Ladino clover 

Sept.— Nov. 

5-7 

100-130 

15-25 

4-6 

Common 

Mar.-May 

20-25 

90-100 

15 

4 

lespedeza 
Hubam clover 

Mar. or 

15-20 

90-100 

15-20 

4 

Vetch 

Sept. 

Sept.-Oct. 

25-35 

90-100 

15-20 

4 

Cowpeas 

Mar.-May 

3(M0 

55-70 

10-12 

3 

Soybeans 

Mar.-June 

30-35 

55-70 

10-12 

3 

Rape 

Sept,-Nov. 

10-15 

100-140 

15-25 

4-5 

Oats 

Sept.-Nov. 

70-90 

130-150 

15-20 

4 

Barley 

Sept.-Nov. 

70-80 

130-150 

15-20 

4 

Wheat 

Sept.-Nov. 

30-60 

130-150 

15 

3-4 

Rye 

Sept.-Nov. 

50-60 

120-130 

15 

3 

Millet 

Mar.-July 

20-30 

J30-150 

15-20 

3-5 

Sudan Grass 

Mar.-Junc 

10-15 

130-150 

15-20 

3-5 


” Fred Hale, Texas Aer. Exp. Sta., Infornlalion lo Ibe Aaihor. 1950. 
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Table 83. Crops Which May Be Used in Providing Aii-ycar 
Grazing in Florida “ 


Month in 
IVhich Grazing 
Desired 

Grazing Crop 

Planting Date 

January 

and 

February 

Crimson clover 

Oats 

Rye 

Rape 

Runner peanuts 

Chuias 

October and November 

October and November 

October and November ' 

October and November 

May and June 

May and June 

March. 

Oats 

Rye 

Rape 

October and November 

October and November 

October and November 

April 

Oats — late grazing 
Rape 

Millet— early grazing 

September, October, and November 
November and December 

March 

May 

MUlet 

Oats 

March and April 

October and November 

June and July 

Early corn 

Spanish peanuts 
Cowpeas 

Soybeans 

March . 

March 

April 

April 

August 

and 

September 

Corn 

Spanish peanuts 
Cowpeas 

Soybeans 

Chufas 

March and April 

March and April 

April and May 

April and May 

May and June 

October 

and 

November 

Corn 

Runner peanuts 

Sweet potatoes 

Velvet beans 

April 

April and May 

May and June 

April and May 

December 

Early oats 

Rye 

Corn 

Runner peanuts 

Sweet potatoes 

Velvet beans 

Rape 

October 

October 

April 

April and May 

May and June 

April and May 

October 


n Walter J. Sheely, Fla. Exp, Sta., Bui. J38, 1948. 




FORAGE CROPS 


271 


Table 84. Forage Crops Suitable to tbe Paciflc Northnest“ 


Crop 

Variety 

Seeding 

Rate/ Acre Date 

Time of Use 

Number 

Pigs 

per Acre 

Alfalfa “ 

Ladak 

Ranger 

12 lb. 
12 lb. 

Spring 

Spring 

2d year, 

May 1 to Oct, 

18-20 

Red Clover 

Kenland 

12 Ib. 

Spring 

1st year, Fall; 

2d year, April 1 
to Oct. 

15-20 

Clover ** 

Ladino 

41b. 

Spring 

2d year, 

May 1 to Oct. 

18-20 

Peas ® 

White Canadian 
Alaska 

120 Ib. 

Spring 

April 20 to Aug. I 
May 10 to Oct. 

10-12 

Sudan * 

Sweet 

35 Ib. 

May !0 

July 1 to Oct. 

12-14 

Rye * 

Abruzzi or 
Balbo 

120 Ib. 

Sept. I 

March 15 to July 1 

12-14 


“Where soils are suOicienily sweet. 

On irrigated land only. 

® For annual crop program. 


Prof. J. S. Robinson of the Agricultural E.xtcnsion Service, Uni- 
versity of Tennessee, submits the following recommendations for 
winter and summer grazing (information to the author, 1950) : 

1. For winter pasture 

(a) Barley or oats seeded in August or carJy September, (b) 15 to 20 Ih 
crimson clover seeded in August or early September with 3 to 4 buNhelv t>f 
oats or barley. 

2. Supplementary summer pasture 

(a) Established stand of alfalfa, or alfalfa and orchard nintwre. 

(b) Icspedeza, Dallis grass, or Bermuda, (c) second gro-sth of red <.!*». er. 
(d) harvesting third and fourth cuttings of alfalfa. 
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1. For fall, winter, and spring grazing 

(a) Oats planted in September or October; (b) white or crimson clover 
interplanted with oats in October; (c) rye grass planted in September or 
October; (d) Balbo or Abruzzi rye planted in September or October; (e) 
white Dutch or red clover interplanted with Kentucky 31 fescue in 
October. 

2. For summer grazing 

(a) Sudan grass planted in April or May; soybeans planted in April or 
May; alyce clover planted in May or June. 

3. Hogging-ofF corn and soybeans 

Early-maturing varieties of hybrid corn and soybeans that are planted in 
March will be matured enough to hog-off in July or August. 



X Methods of Feeding on Forage 


It will be appropriate now to give consideration to the various 
feeding practices followed in handling spring pigs on forage. This 
will involve especially a study of three important questions: first, 
should full or limited grain rations be fed; second, is it necessary to 
feed a protein supplement along with the com or other grain; and 
third, is the feeding of minerals to be recommended? 

FULL VERSUS LIMITED GRAIN RATIONS 

Can the pig grow on forage alone? The pig’s capacity to make gains 
on forage alone is limited. In fact, until a weight of 75 pounds has 
been reached, experiments generally show that even with the best of 
tender forage he is unable to maintain his weight for more than a very 
limited period. Morrow of the Illinois Station ^ failed to maintain 
45-pound pigs on forage alone. During two seasons such pigs lost 
an average of 2 IV 2 pounds, all of which occurred during the first 10 
days of the grazing period. The season, however, was one of unusual 
drought. During an eight-weeks’ period from June to August in each 
of two summers, Rice of the same Station ^ kept 40-pound pigs on 
rape without concentrates. The first year the pigs made an average 
total gain for the entire period of 5.2 pounds, and the second year 
1.25 pounds each. Three of the pigs died during the experiment. At 
the end of the test it appeared that none of the pigs could have sur- 
vived much longer. At the Utah Station Sanborn successfully main- 
tained 75-pound pigs on pasture without grain, each pig gaining 0.36 
pound daily. The pasture was excellent, consisting of a variety of 
grasses and alfalfa. Arnett of the Montana Station ^ concluded from 
tests that there was danger of permanently stunting pigs weighing Jess 
than 35 to 40 pounds when maintained on pasture alone. He pastured 

‘Geo. E. Morrow, Bui. 16, 1891. 

*John B. Rice. Bui. 247. 1924. 

’C. N. Arnett, Bui. 128, 1919. 
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seveil 30-pound pigs on red clover for 90 days with the result of an 
average total gain of 7 pounds for each pig during the period. 

On good forage crops the 100-pound pig seems capable of main- 
taining his weight for several months, during which time he will con- 
tinue to grow in height and length while losing fat. In all such cases, 
however, much will depend on the age, condition, ?nd previous feed- 
ing habits of the pig, as well as the quality and abundance of the 
forage. The nutrients contained in 4 or 5 pounds of good clover 
forage should, theoretically, be sufficient to maintain the 50-pound 
pig. 

The problem of the practical feeder, however, is not one of main- 
tenance, but of production. He is not so much concerned with the 
possibility of maintaining his pigs on forage alone as he is in a method 
of feeding which will produce the gains necessary to ensure market 
finish or breeding development. An important principle to remember 
in this connection is that only that part of the ration fed above main- 
tenance needs is available for growth or fat production. The returns 
secured from a given ration are influenced in large part by the amount 
fed in excess of the maintenance requirements. For economical as 
well as rapid gains, therefore, some concentrates must be fed. Whether 
full or limited grain rations are more profitable, aU factors considered, 
is the question to which we will now give our attention. 

Full versus limited feeding on forage. Fortunately a number of 
experiment stations have studied this problem rather comprehensively 
with the result that certain general conclusions can be drawn. In 
Table 85 there are brought together the results of 17 comparisons 
made at the Illinois, Michigan, and Indiana Stations. In each trial 
one group of pigs was given a full feed of concentrates, t.e., all they 
would eat, and a comparable group was given a limited feed, both 
lots being on forage. The pigs which had received the limited rations 
during the forage season were full-fed during the dry-lot finishing 
period. In nearly all cases the full-fed pigs received a ration of com 
and tankage, fed in the self-feeder; in the Michigan experiments a 
mixture of equal parts tankage and linseed meal was fed as the 
supplement. Excepting in the Illinois trials, the limited-fed pigs while 
on forage received a supplement along with the com. The limited-fed 
pigs were fed by hand, during the forage period, in an amount a little 
more than equal, on the average, to one-half the quantity fed in the 
other lot. The full-fed pigs consumed 1 pound of tankage with each 
12 pounds of com, while for those fed the limited ration on forage 
the proportion for the entire period was 1 to 16. 
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The area of forage provided the limited-fed pigs exceeded that for 
those full-fed. Spriiig-farrowcd pigs were used in all cases, the initial 
weight for the dilferent e.xperimcnts varying from 43 to 69 pounds 
with an average of 57. Usually the full-fed pigs had attained market 
weight by the end of the forage period, late in September, while 
the liinited-fcd pigs required about a month’s additional time in 
the dry lot to rcaeh the same weight. Alfalfa was the forage used 
in nine of the experiments, common red clover in five, and rape in 
three. 


Table 85. Full >crsus Llinilcd Feeding on Forage, to Full Market Weights 
(Avetage 17 Experiments) 


Rations Fed 

A verage 
Beginning 
Date and 
Weight 

A verage 
Daily 
Gain 

A verage 
Finishing 
Date and 
Weight 

Concentrates 
Required for 
Each 1 Cwt. 
Gain 

Corn and tankage: 
self-fed entire 
time 

June 21 

57 lb. 

lb. 

1.548 

Oct. 2 
2171b. 

lb. 

Corn 331.0 

Tankage 28.7 
Total 359i7 

Corn and tankage: 
limited-fed on 
forage; self-fed 
in dry lot 

June 21 

57 lb. 

1.160 

Nov. 5 
2151b. 

Corn 327.0 

Tankage 20.6 
Total 347.6 


The pigs fed the full rations during the forage season gained rapidly 
during the entire feeding period and reached market weight by the 
end of the grazing season. Those fed half-rations, on the other hand, 
gained at the rate of 0.75 pound daily while on forage and at the end 
of the grazing season weighed only 140 pounds, necessitating 33 days 
of full feeding in the dry lot before reaching the market weight of 
215 pounds. 

The amount of com and supplement required for each 100 pounds 
gain did not vary much in the two methods of feeding, although in 
all but four of the 17 trials less feed was required by the limited-fed 
group. The amount of forage eaten by the limited-fed pigs exceeded, 
of course, that of the full-fed pigs. In some of the experiments the 
same forage area was allowed in both lots. In most of the cases, how- 
ever, those fed the restricted rations were given double or more than 
the full-fed pigs. In those cases where the forage lots were the same, 
larger cuttings of hay were taken, as a rule, from the lots fed the full 
rations. 
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Fig. 46. These graphs show how the feeding of full and limited rations to 
pigs while on forage affects the time of marketing and length of the dry-lot 
feeding period. The pigs were farrowed April 1 and the forage period began 
July 1 when the pigs weighed 50 pounds, and ended October 15. All groups 
were full-fed during the dry-lot period and marketed at the weight of 225 
pounds. Hog prices (broken line) are for the period 1934 to 1949, inclusive. 

Full-fed pigs sell high. The fact that the pigs fed the full rations in 
these experiments were ready for market 33 days earlier than the 
fimited-fed pigs is a matter of considerable practical significance for 
the reason that the early market is usually the best market. Normally 
the bulk of the spring-pig crop reaches market in December and 
January, while the low point in the supply comes in August and 
September. As the runs increase in autumn and early winter, the price 
tends to decline. For the period 1930 to 1939 inclusive, as shown in 
Fig. 73, December hog prices were $1.40 per hundredweight lower 
than in September. When the general trend of hog prices is upward, 
this margin becomes small or may disappear; with a falling market 
trend, on the other hand, the difference is increased. In the experi- 
ments just considered the full-fed pigs were ready for market October 
2 and the limited-fed pigs November 5. With the decline in prices 
which normally occurs during this season, as shown in the graph, it 
means a serious price handicap for lalc-marketcd pigs. In addition to 
a higher selling price, early marketing means that the premises ana 
equipment are vacated early for the accommodation of Uic fall pJfiSi 
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the turnover is shorter, and the labor requirements and risk of loss 
are somewhat reduced. 

Liiiiilcd-fcd iiigs produced economically. In these experiments 
there was a saving of 4 pounds of corn and 8 pounds of tankage in the 
production of each 100 pounds of gain by the limited-feeding method. 
This is not a large difference. What is more significant is the fact that 
the corn used in the limited-feeding method was less expensive, as 
shown in the graph of Fig. 46. The bulk of the corn required in full 
feeding is fed in the months of August and September, while in the 
limited-feeding method it is fed mainly in September, October, and 
November. If the corn is figured on the basis of its price when fed, 
its cost in the limited-feeding method in these experiments was ap- 
proximately 5 cents less a bushei than in the full-feeding method. 
The limited-fed pigs consumed less tankage, but required more forage. 
Counting 12 pigs to the acre for the limited-fed pigs and 20 to the 
acre for those fed the full rations, the total cost for the corn, tankage, 
and forage amounts to 38 cents less for each pig fed the restricted 
rations while on forage. 

Conclusions and discussion. The feeding of full grain rations during 
the summer while the pigs are on forage has the following advantages 
as compared with the limited-feeding method : 

1. Pigs fed full grain rations sell at better prices. This is because 
their faster gains enable them to be marketed earlier. The difference 
in selling price between early- and late-marketed pigs is sufficiently 
large, as a rule, to warrant giving considerable weight to this point. 

2. The earlier marketing of the full-fed pigs also means that the 
returns are quicker, risk from loss is reduced, labor costs are less, 
and the farm equipment is made available earlier for the accommo- 
dation of the fall pigs. 

In favor of the limited-feeding method may be mentioned the 
following points: 

1. The total feed cost of the finished market pig is somewhat less 
in the limited-feeding method. Although the forage requirements arc 
about one-half greater, the bulk of the corn fed is cheaper in price 
than in the full-feeding system. Further, the total anmunt of corn 
required is no greater (usually it is less) and the quantity of tankage 
needed is less. 

2. Pigs fed limited grain rations during the summer are of a weight 
and condition at the close of the forage season to make them ideal 
for hoeging-olT corn or following cattle later. This is an important 
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point, for about 6 percent of the corn acreage was harvested in this 
way in 1946 and 1947, and cattle feeding without hogs to follow 
usually is not profitable. 

Although exceptions are rare to the rule that early-marketed spring 
pigs sell higher than late-marketed pigs, it is well to keep in mind the 
fact that this advantage will prevail only so long as the great bulk of 
the spring-pig crop continues to be marketed in November, December, 
and January as at present. In other words, the advantage of a better 
price for the early-marketed pig would disappear if the majority of 
pork producers were to adopt the practice of fuU feeding. Because of 
the scarcity and high price of old com, however, and the use on many 
farms of pigs to hog-off corn, follow cattle, or eat kitchen offal, there 
probably will be no general change made from the system of feeding 
now employed. 

The importance to be attached to the higher price of old com as 
an advantage for the limited-feeding method is not great. Very few 
farmers buy their com as they feed it; most of them feed only what 
they grow. Furthermore, in practice those who are short on com and 
have to buy are the ones most likely to follow the limited-feeding 
system. If the com fed is figured according to its cost of production, 
plus carrying charge, instead of at the market quotation when fed, 
the advantage for the system of limited grain rations in economy of 
the gains practically disappears, since the saving in tankage is more 
than balanced by the larger forage charge. 

It is doubtful if much labor is saved by the full-feeding method. 
What little is gained through earlier marketing is balanced by the 
larger demands made by the earlier farrowing season characteristic 
of the two-litter system and full feeding. For the same reason the 
equipment necessary for handling the hogs where the full-feeding 
method is followed is probably greater rather than less than 'in the 
limited-feeding plan. 

The full-feeding method would appear to be best adapted to those 
farms which produce both fall and spring pigs and where pork pro- 
duction is the major enterprise of the farm and carly-spring farrowing 
is the rule. Limited feeding is probably the most profitable system for 
those farms which have a plentiful supply of good forage and where 
the pigs are farrowed late and produced mainly for the purpose of 
following cattle, hogging-off com or other crops in the late fall, or to 
provide a supply of home-cured pork. 

When limited grain feeding is to be practiced, it is important that 
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it should not begin before the pigs have attained a weight at least of 
50 or, better, 75 pounds. From the age of three weeks, when he begins 
to eat, the pig sliould be allowed all the concentrates he will take until 
sufficient development has been reached to ensure his ability to handle 
forage successfully. 

Another important rule to keep in mind when limited rations are 
fed is never to restrict the grain supply so severely that a gain of at 
least one-half pound daily is not secured. On excellent forage this 
gain may be made on one-fourth of a full grain ration, or 1 percent 
of the live weight daily; under most conditions, however, more than 
one-third of a full feed will be needed. The quality and abundance of 
the forage, and the age, thrift, and condition of the pigs should be 
considered in deciding just how limited the grain supply should be 
made. 

Figs intended for file breeding herd. The question whether full or 
limited rations should be fed pigs intended for the breeding herd 
when on forage is one which practical experience must be largely 
depended on to answer. Although economy of production is desirable 
with breeding as with market pigs, the primary object should be to 
produce a strong well-balanced development which will be most 
consistent with reliable breeding performance later. As a rule, this 
object will be best served by rations sufficiently liberal that rapid 
growth is promoted, yet not so heavy that danger of overfatness and 
broken-down pasterns is incurred. 

Whether full or partially limited rations will be most appropriate 
in any situation will be influenced by the quality and area of forage 
available, the type of the pigs, and the advantage of sales which may 
come from good size and early development. When the forage is 
abundant and of good quality and when the pigs are of a type which 
tends more to growth than fat production, the little danger which 
attends full feeding may be more than balanced by quicker and better 
sales in the fall and a somewhat larger and more attractive appearance 
at maturity. Under most conditions it will be best to full-feed until 
the pigs have reached a weight of 75 to 100 pounds, and from then 
on to limit the concentrates to three-fourths or two-thirds of a full 
ration. 

FEEDLN'G PItOTEIN SUPPLE.MENTS 

Wc will now' consider the question vsheihcr pigs fed corn or other 
grain on forage should be given in addition a nitrogenous or protein 
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supplement. In considering the problem it will be found that there 
are three important factors which affect the results. These are, first, 
the quality and composition of the forage, particularly its richness in 
protein; second, whether full or limited grain rations are fed; and 
third, the age of the pigs. 

Composition and yield of forage. That some forages furnish more 
protein than others and that the same forage varies widely in its 
protein content at different stages of growth are shown in the analyses 
presented in Table 64. Also, because of differences in palatability 
and yield, some forages supply much more protein than others for a 
given area. 

Generally speaking, the legumes as a class are richer in protein,' 
as well as in minerals and vitamins, than the grasses. The dry matter 
of legumes, as shown in Table 64, contained an average of 21 percent 
protein, and the nonlegumes 16.8 percent. Legumes, as a rule, also 
yield heavier and generally are more succulent and palatable. The 
need for protein supplements for pigs grazing bluegrass, timothy, rye, 
or other small grain forage will consequently be greater than for those 
on alfalfa or clover. 

Corn with and without a protein supplement. The question of the 
advisability of feeding a protein supplement with com to spring pigs 
running on forage during the summer has been studied experimentally 
by practically every station in the Com Belt. The results of 39 such 
trials have been averaged and presented in Table 86. The averages are 
significant for the reason that there was close agreement in the results 
obtained at the different stations, as well as in the duplicate trials of 
the same investigators. 

Only those experiments in which full grain rations were fed are 
considered here. In each trial spring pigs of an average weight of 53 
pounds were used; one lot was fed com alone and the comparable lot 
corn with a protein supplement. In the Illinois trials a mixture of two 
parts tankage to one of soybean oil meal was fed; in eight at Indiana 
it was equal-parts meat scraps and soybean oil meal. In the other 
trials it was tankage alone. In most of the experiments the pigs in 
both lots were fed until market weights were reached. In 19 of the 
trials the pigs were on alfalfa forage, in 11, on medium red or ladino 
clover, and in 9 on rape. In most cases the rations were self-fed, 
tree-choice. The amount of supplement eaten in any trial did not vary 
much from the average of 1 part to 13 parts of corn. The results on 
the different forages are first summarized separately and then collec- 
tively. 
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Table 86. Corn Alone versus Corn and Supplement. FulMecd, 
for Pigs on Forage 
(Average 39 Experiments) 


Corn -j- clover forage 
Corn 4- supplement -|- clover 
forage 

Corn 4“ alfalfa forage 
Corn 4- supplement 4- alfalfa 
forage 

Corn 4- rape forage 
Corn 4- supplement + rape 
forage 

Average: 

Corn alone 4- forage 
Average: 

Corn 4- supplement 4- forage 


Average 

Initial 

Weight 

A verage 
Daily 
Gain 

Conccntrati'^ to 
Produce I Cut. 
Giii/i 

lb. 

lb 

lb. 


53 

1.31 

Corn 

36C 



Corn 

317 

53 

1.59 

Supplement 

25 



Total 

3^ 

58 

1.23 

Corn 

36S 



Corn 

327 

58 

1.45 

Supplement 

24 



Total 

ur 

44 

0.93 

Corn 

368 



Corn 

321 

44 

1.17 

Supplement 

28 



Total 

349 

53 

1.18 

Corn 




Corn 

^21 

53 

1.43 

Supplement 

:t 



Total 

r4r‘> 
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The effect of adding a supplement to a full feed of eorn on forage 
was to increase the gains in every single instance. The average differ- 
ence in rate of gain was one-fourth of a pound daily for each pig. If 
we assume that the pigs in both lots were fed to the same market 
weight of 200 pounds, an extra feeding period of 24 days was neces- 
sary for those fed eorn alone. However, in 10 of the 39 trials the pigs 
without the supplement made a unit of gain on fewer pounds of total 
concentrates. On the average, 23 pounds of supplement saved 43 
pounds of com in the production of 100 pounds of gain. A slightly 
larger area of forage was required by the pigs that received no supple- 
ment. 

Conelusions and discussion. It would appear from these results that 
the prineipal, if not the sole, advantage of feeding a protein supple- 
ment with com to pigs on forage when full rations are given is the 
result of the faster gains and earlier market finish which it ensures. A 
differenee of 24 days in time of selling fall-marketed pigs will usually 
mean in favor of pigs fed a protein supplement an important ad- 
vantage in price, due to the usual price decline which occurs at this 
season of the year. 

The total cost of the gains, figured in dollars and cents, was prac- 
tically the same in the two methods of feeding. In these experiments 
the cost of the supplement fed was almost exactly compensated for 
by the saving which it effected in the amount of corn and forage 
required. 

The benciits to be derived from feeding a protein supplement with 
corn to pigs on forage will be influenced by the age of the pigs. In 
the Illinois experiments, which were included in the summary, Carroll 
found that for each pound of supplement fed after the pigs had passed 
the weight of 100 pounds, only I’A pounds of eorn were saved, 
whereas for the period preceding this weight, a pound of supplement 
had the effect of saving 3‘A pounds of corn. 

The quality and abundance of the forage also arc factors which 
will influence the results. Naturally, when the forage available is below 
par, the result of a poor stand, restricted area, or drought, the benefits 
of a nitrogenous supplement will be much greater than that shown in 
the above study. Since only high-class forages were used in thc,se 
experiments and the area available was adequate in all cases, the 
results as they apply to farm conditions generally tend rather to 
underrate than overrate the value of protein supplements when full 
rations are fed. 
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Wheat and barley with and without a supplement. Similar results 
have been obtained outside the Corn Belt when wheat or barley was 
the grain fed. In extensive early experiments conducted by Smith 
and Maynard of the Utah Station,’* in which ground wheat or around 
barley, self-fed, was supplemented with tankage, liquid skim milk, 
or skim milk powder for growing and fattening pigs on alfalfa pasture, 
it was found that the milk products produced considerably faster 
gains, but that the tankage was of little benefit. Only in the trials 
where liquid skim milk was fed was there any reduction in the cost of 
the gains compared with those receiving the grain and salt on alfalfa 
without a supplement. At the Nevada Station, Headley concluded 
that the faster gain obtained by self-feeding a protein supplement 
along with either ground barley or ground wheat, self-fed, for pigs on 
alfalfa pasture was not significant. 

Protein feeding for limited periods. From all these results it appears 
that when pigs are on a first-class forage from a beginning weight of 
50 to 60 pounds up to near market time, that the feeding of a protein 
supplement during the entire period in addition to a full feed of corn 
is sometimes profitable and sometimes not, depending ehietly on the 
price premium received for the earlier marketed pigs and the relalhe 
cost of the supplement, as compared with the system of feeding straight 
corn. Since the needs of the pig for protein decline with ads.memg 
age and the extra returns from the suppiement fed become levs and 
less as he grows and fattens, the question namrally arises: would not 
the plan of supplying a suppleinenl during tiie earlier period of gro-.stb 
and withholding it during the later fattening period be more protitable 
than either of the plans compared above.' 
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and bone scraps, wheat middlings, and cottonseed meal. The results 
of this experiment, which was twice repeated, are averaged and pre- 
sented in Table 87. 


Table 87. Showing the Effects of Discontinuing the Protein Supplement at 
Different Stages of Eorage Period 
(Average 3 Experiments) 


Lot 

Number 

Supplement 
fed from 
75 lb. 

tO-^-' 

Days 
Required 
to Reach 
200 lbs. 

Average 
' Daily 
Gain 

Feed 
Required 
for 1 Cwt. 

Gain 

Cost 1 Cn>t. 
Gain, 
Including 
Pasture 

1 

None 

7S 

lb. 

1.62 

lb. 

Corn, 329.1 

Minerals, 2.4 
Tolal 3313 

$7.11 

II 

100 lb. 

73 

1.72 

Corn, 320.8 

Sup., 8.6 

Minerals, 2.1 
Total 3TE5 

$7.15 

in 

125 lb. 

72 

1.76 

Corn, 314.0 

Sup.. 17.1 

Minerals, 1.3 
Total 33X4 

$7.25 

IV 

150 lb. 

70 

1.81 

Corn, 308.7 

Sup., 30.1 

Minerals, 0.9 
Total 3397 

$7.54 

V 

175 lb. 

68 

1.86 

Corn, 299.3 

Sup., 39.5 

Minerals, 0.8 
Total 339^ 

S7.62 

VI 

200 lb. 

67 

1,89 

Corn. 283.2 

Sup., 50.2 

Minerals, 0.6 
Total 33T0 

$7.62 


In each of the three c.xpcrimcms the rate of gain increased as the 
supplement-feeding period lengthened, but not greatly. On the other 
hand, the amount of concentrate required for a given gain was sliglitly 
less in those lots which received the protein supplement only up to 
125 pounds or less, than for those which received it for the longer 
periods. However, the difference is hardly significant. Since the amount 
of supplement consumed, when available, in relation to corn was 
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excessive, a somewhat more favorable showing in cost of gains would 
have been made in those lots which received tbs supplement for the 
more extended periods if the protein allowance had been restricted 
In none of the lots which received the protein supplement was the 
saving in corn equal to the amount of supplement consumed for the 
production of a given gain. The extra good gains in Lot I, with no 
supplement, were the result of the fact that the pigs w'ere thrifty and 
weighed 75 pounds when the experiments started, and the forage was 
of first-class quality. 

Robison of the Ohio Station ^ also studied the advisability of re- 
ducing or eliminating the protein supplement for pigs on good forage 
during the later periods of growth and fattening. In each of the sunt- 
mers of 1943, 1944, and 1945, one lot of 60-pound pigs svas fed the 
protein concentrate .during both the growth (53 to 127 pounds) and 
the fattening period (127 to 220 pounds), a second similar lot was 
fed the supplement during the growth period only, while a third group 
received a reduced amount of supplement during both periods. In 
the latter group about one-half as much supplement was fed as was 
given in the first lot. 

The average daily rate of gain was 1.50, 1.44, and 1.47 pounds, 
respectively; the total concentrate required to produce one hundred- 
weight of gain was 378, 385, and 396; and the co^t of 100 pounds 
of gain, including the pasture, was $9.50, $9. 48, and $9.73, respec- 
tively. The number of days required to reach the market weight of 
220 pounds was, respectively, 1 1 1, I IS, and 116. 

It is probably safe to conclude from all the studies that h.i\e been 
reviewed that farmers who follow the two-litter pKm of priKluetiuii 
will usually find it advantageous to continue feeding a prutein sui>- 
plcmcnt until the pigs have reached the weight of 125 pounds. Ke- 
stricted amounts thereafter will be prolilable when the fi'rage i» not 
up to standard and particularly when the hog market i> tending do.ui- 
ward (see Fig. 46, page 276). 
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braska, Ohio, and Indiana Stations that furnish information on this 
point, which will now be considered. 

In Table 88 are brought together the essential results of 13 such 
trials. In each comparison there were 10 pigs fed corn alone and a 
comparable group fed com with a small amount of tankage. In 12 
of the experiments the proportion of com to tankage in the supple- 
mented ration was 1 to 19, or 5 percent of the ration, and in one 
trial it amounted to 10 percent of the ration. Practically the same 
amount of concentrates was fed in the two lots, 1.95 pounds daily 
per pig in the corn-alone lot and 2 pounds in the corn-tankage lot. 
This was just slightly more than half of what the pigs could have eaten. 
Alfalfa was the forage used in eight of the trials, medium red clover 
in four, and rape in one. In the Indiana experiments IVi acres of 
forage was allowed each group of pigs. The average beginning weight 
of the pigs for the different tests ranged from 44 to 69, with an aver- 
age of 62. The feeding periods began in late June or early July and 
continued for periods averaging 77 days. 



Fig. 48. Sows and litters on alfalfa. The lender leaf of the alfalfa plant is 
rich in lime, vitamins, and good-quality proteins, constituents which corn lacks. 
Under these conditions the sows produce their most abundant milk flow, the 
pigs are safe from parasites, the losses prior to weaning arc reduced to the mini- 
mum, and the pigs are at maximum weight and vigor at weaning time (photo 
by Allen). 

Conclusions. At the end of the forage period the pigs fed corn alone 
weighed 117 pounds and those fed corn and tankage 122 pounds. 
This slight difference in rate of gain is accounted for by the slight 
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Table 88, Cora Alone versus Cora and Tankage in Limited Rations on Forage 
(Average 13 Exjteriinents) 


Rations 

Aveiage 

Initial 

Weight 

A verage 
Daily Gain 
per Pig 

Concentrates 
Required for 
Each 1 Cwt. 
Grin 


Ib. 

Ib. 


Corn, % feed + forage 

Corn H- tankage, ^2 feed 

62 

0.719 

Corn 272 

Corn 242 

+ forage 

62 

0.786 

Tankage 14 

Total ^ 


difierence in the daily feed supply allowed the two lots. Each pound 
of tankage fed had the effect of saving practically 2 pounds of corn. 
Usually the cost of this feed is more than double that of corn. Since 
there was little difference in the forage area required, also, and since 
little if any credit is to be allowed for the 5 pounds extra weight of 
the tankage-fed pigs at the close of the experiment, the conclusion 
seems clear that the feeding of a commercial protein supplement like 
tankage to pigs receiving a limited feed of corn on good forage is not 
to be recommended. 

This conclusion seems reasonable, especially when we consider 
the purpose the feeder has in mind when the limited-feeding plan is 
adopted. It is to carry the pigs through the summer as economically 
as possible and to have them at such weight and condition in the fall 
that they will be able to perform cflieicntly the function of cleaning 
up after cattle or hogging-off com or other crops. Those fed corn 
alone on forage will prove better rustlers as a rule than those fed 
tankage in addition. In the Indiana experiments. Vestal found that 
the pigs fed corn alone made considerably more economical use of 
their feed during the subsequent dry-lot finishing period, during which 
time both groups were full-fed com and tankage. The amount of con- 
centrates required to produce 100 pounds of gam by those that had 
received straight com on forage was 376 pounds, while for those that 
were fed tankage in addition it was 31)7 pounds. 

FEEDLNC .MI.NEim-S O.N EOR-\t:E 
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or a mixture of two parts animal witli one part plant supplement; (b) 
when a full grain ration is fed with a plant supplement, such as linseed 
oil meal, middlings, soybeans, or soybean oil meal; and (c) when a 
full ration of com alone or other grain is fed without a supplement. 

Minerals with an animal supplement. The verdict of the experi- 
mental studies made of a mineral feeding under these conditions is 
quite clear. At the Wisconsin Station Bohstedt® fed 130 spring gilts 
a standard ration composed of com, oats, and wheat middlings supple- 
mented with a mixture of two parts tankage and one part linseed oil 
meal, and an equal number of comparable gilts, the same ration with 
the addition of different minerals or mineral mixtures. They were on 
forage during the grazing period and received alfalfa hay during the 
following winter. The figures reported in the table are for the entire 
period from weaning to farrowing time. The amount of concentrates 
fed was a little less than full rations, but sufBcient to promote rapid 
growth. In none of the comparisons made in this study did the mineral 
additions to the ration prove beneficial as judged either by the rate 
and economy of their gains or the number and strength of pigs pro- 
duced in the subsequent farrowing season. The concentrate basal 
ration contained 0.39 percent of calcium and 0.47 percent of phos- 
phorusj as calculated from the tables. 

Similar results were secured'at the Iowa Station,® where one group 
of spring-farrowed gilts was fed a three-fourths ration of com and 
oats with one-third of a pound of tankage daily for each gilt, on either 
bluegrass, alfalfa, clover, alsike, sweet clover, or rape forage, and 
another similar group the same ration fed on the same forage, but 
with the addition of a complex mineral mixture composed mainly of 
salt, bone black, wood ashes, and limestone. In none of the six pairs 
of lots fed in this experiment was there a significant difference in the 
rate or cost of gains favorable to the pigs which received the mineral 
mixture, although a slight difference favored the mineral-fed pigs 
which were on bluegrass. 

In three experiments at the Illinois Station the feeding of a 
variety of minerals, including coal and charcoal, free-choice, or a 
mineral mixture self-fed, on rape or bluegrass, did not prove profitable. 
The results in rate and economy of gains were practically identical 
with those obtained with the same rations without the minerals. The 


•G Bohstedt, Proc., Ant. Soc. An. ProJ., Nov., J930. 

•John M. Eward, C. C. Culbertson, and W. E. Hammond. An. Proc.. Am. ioc. 
All Prod.. Dec., 1922. 

»• J. D. Rice and H. H. MitchcU, BuL 250. 1924. 
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the trials where the minerals were fed separately in different com- 
partments of the self-feeder, the consumption of coal amounted con- 
siderably to more than all the other minerals combined. However, 
the other minerals, excepting common salt, were eaten only in traces. 

Anderson and associates at the Iowa Station found, according to 
the results of three experiments covering the grazing period, that 
nothing of a practical nature was to be gained by feeding sodium 
bicarbonate at different levels to growing pigs on bluegrass, rape, or 
alfalfa pasture and by receiving a ration of corn and oats supple- 
mented liberally with a mixture made up of two parts tankage, one 
part linseed meal, and one part alfalfa meal. 

One experiment with full-fed pigs, fed com and tankage on a mixed 
legume pasture at the Ohio Station gave no conclusive evidence 
that it was necessary to feed a mineral mixture, the slight difference 
in favor of the mineral-fed pigs not being large enough to be signifi- 
cant. If the results of this and the other trials are brought together, 
the averages will be as shown in Table 89. 

Table S9. Minerals versus No Minerals svlfii Animal Supplements on Forage 
(Average 23 Experiments) 





Feed Required 


Initial 

Daily 

to Produce 

Rations 

Weight 

Gains 

1 Cwt, Cain 


lb. 

Ib. 

lb. 

Full or % full grain -f animal 



Grain 473 

supplement, without minerals 

50 

1.026 

Supplement 29 

Full or % full grain -}- animal 



Grain 481 

supplement, with minerals 

50 

0.993 

Supplement 30 
Minerals 9 


These results are logical when one considers the mineral composi- 
tion of animal supplements and good green forage. Both are rich in 
calcium or lime, and when either alone is available with com, the 
supply is above the minimum requirements (see Table 44). When 
both sources are available, as they were in these test rations, there is 
no need of further insurance that the mineral requirements will be 
satisfied. 

Mineral feeding with plant supplements. Reference to Table 44 
will show that the animal protein supplements, tankage, fish meal, 

“A. L. Antlerson, C. C. CutberUon, John M. Evvaid, and W. E. Hammond, 
Proc., Ain. Soc. An. Prod., Nov.. 1932. 

w \V. Robison, Spl. Cir. 26, 1929, 
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and the milk by-products contain many times the amount of calcium 
or hme as the plant supplements, linseed meal, soybeans, soybean oil 
meal, cottonseed meal, or wheat middlings. When any of the plant 
supplements are fed with com or other grains on forage, therefore, 
there is some reason for believing that mineral feeding might be ad- 
visable, especially when the forage is below average quality. The 
experimental studies which have been made of this problem give 
results which are in close agreement with one another and with this 
expectation. 

The Iowa, Ohio, Illinois, and Indiana Stations have made studies 
m which the feeding of minerals, including salt, along with a full 
feed of com or other grain and a plant supplement on good forage, 
was compared with the same ration on forage without minerals. 
Twenty-two such comparisons were made, the average results of 
which are shown in Table 90. 


Table 90. Minerals versus No Minerals with Plant Supplements on Forage 
(Average 22 Experiments) 



Average 

A verage 

A verage Feed 


Initial 

Daily 

Required Each 

Rations 

Weight 

Gain 

I Cwt. Gain 

Grain -f- plant sup. -f forage 

lb. 

lb. 

lb. 

60 

1.216 

Grain *100 

Sup. 37 


Grain -j- plant sup. -f- minerals 



Grain 350 

4- forage 

60 

1.382 

Sup. 31 

*\finerals 2.79 


The showing made by minerals when fed under these conditions 
of feeding will, of course, be inllucnccd a good deal by the quality 
and kind of forage available. The approprialcncis of the mineral-* 
fed will also be a factor. The effect of a mineral addition to a full 
grain ration balanced with a protein supplement of plant origin ;wll 
be much less when the forage is a good legume than when blueera^i 
or timothy pasture is used; with any of the forage-> its value will Iv 
much enhanced when the se.ison is droughty or other-vi^c unfavor- 
able. These results, however, suggest that in any of ihe^e v.tu-it.. 
the feeding of minerals rich in calcium and common sal: v. i.i 

profitable. 
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logical to believe that it would be beneficial with corn alone, since 
the plant supplements, excepting shorts and middlings, contain many 
times more of calcium than does com. On the other hand, pigs getting 
com alone will eat more forage which, on the dry-matter basis, is 
much richer in minerals, especially the much-needed calcium, than 
the plant supplements. Although experimental study of the question 
has been limited, the evidence available is slightly in favor of mineral 
feeding under these conditions. 

Experiments have been conducted at the Ohio, Iowa, and Indiana 
Stations in which spring pigs averaging in weight from 50 to 60 
pounds at the start were full-fed a ration of corn alone on either rape, 
mixed legumes, clover, or alfalfa forage in contrast with comparable 
pigs fed the same rations and forage but with a mineral mixture rich 
in calcium in addition. Both lots had salt available. The results of 
the five trials made at the Indiana Station, which are summarized in 
Table 91, represent fairly those obtained at the other stations. 


Table 91. Minerals nitlt Com Alone on Legume Pasture 
(Average S Experiments) 


Roliont 

Average 

initial 

Weight 

A veroge 
Daily 
Cain 

A verage Feed 
to Produce 

1 Cw't. Gain 


lb. 

lb. 

lb. 

Shelled corn, self-fed, -f- 




legume forage 

70 

1.30 

Corn 338 

Shelled corn, self-fed, -f- 



Corn 331 

mineral mixture, self- 



Mineral 

fed, -1- legume forage 

70 

1.45 

mi.xlurc 5.4 


In each of the trials, excepting one, the rate of gain was faster in 
the mineral-fed lot, the average increase being 11.5 percent. In pro- 
ducing gains, each pound of the mineral mixture eaten had the clicct 
of saving, on the average, 1.3 pounds of corn; in two of the trials, 
however, the feed cost was increased by the minerals. The amount 
of tile mineral mixture consumed represented 1.6 percent of the ration. 

In only three of the seven trials reviewed was the dillcrencc in 
rate of gtiin significant; yet in all excepting one, in which it was the 
same, the pigs fed tlie mineral mixture in addition to common salt 
made the faster gains. The results, no doubt, would have been more 
favorable to mineral feeding if no salt had been fed in the "no- 
minerar' lot. 
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In conclusion it may be stated that, although the evidence is not 
conclusive, the feeding of a suitable mineral mixture under these 
conditions will not be out of line with good practice. Especially will 
this be true when the pigs are below 100 pounds in weight and 
when the forage is a nonlegume or when for any reason its quality 
is below par. When the pigs are restricted to a limited feed of com 
on good forage, however, one would suppose mineral feeding, except- 
ing possibly salt, to be quite unnecessary, especially for the older pigs. 

Suitable mineral mixtures. There appears to be no clear evidence 
that any minerals in addition to calcium and common salt are needed 
to supplement the usual rations fed growing and fattening pigs on 
forage. When such supplements are needed, the following simple 
mixtures supply the necessary elements in the proportions believed 
to be most nearly ideal. 

Number 1 Number 2 

1 part finely ground limestone 1 part steamed bone meal 

1 part steamed bone meal I part defluorinated ground rock 

1 part common salt, or iodized salt phosphate 

I part common 'salt, or iodized salt 

Number 3 Number 4 

1 part hardwood ashes 1 part finely ground limestone 

1 part air-slacked lime * part hardwood ashes 

1 part common salt, or iodized salt I part common salt, or iodized salt 

Other commercial sources of calcium available are ground oyster 
shells, marl, calcium carbonate, precipitated chalk, and di- or tri- 
calcium phosphate. 

Probably the best way to feed minerals in practice is to mix the 
essential ingredients and self-feed in a separate compartment of the 
feeder, or in a special mineral-feeder box. When the salt is fed as 
one-fifth instead of one-third of the simple mi.xturc, as is often the 
case, it is considered desirable to give the pigs access to an additional 
supply in another compariment. 

CARE .VND MANACE.ME.NT IN THE FIELD 

Two indispensable factors in the successful management of pig^s 
during the summer arc plenty of shade and a good water supply. W ith- 
out these they will not do well c\en with the best of rations. 

A regular supply of fresh water, easily accessible. E e^^enIuI be- 
cause the pig drinks much and often. Large quantities are needed to 
maintain good nutrition and to help keep dovsn his temperature dun.Tg 
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the heat of midsummer. Since he cannot sweat, a scarcity of water 
when the heat is excessive may result fatally. It is advisable to locate 
portable fountains in the shade, convenient to the feeders, and as 
close as possible to the place where the pigs lay during the heat of 
the day. The normal water requirements of pigs are shown in Table 
50. 

Plenty of shade is almost as important as good water. The shade 
of trees is preferable to all others, but trees are usually not found 
in forage fields. Without natural shade, dependence must be placed 
on the individual farrowing houses, which have been so constructed 
that the sides open out, supplemented with a specially constructed 
shade made with six to eight posts, some old rails, and a few two-by- 
fours, and roofed with straw or hay. 

Hog wallows arc valuable. The studies of Heitman and Hughes of 
the California Station (see page 134) showed that as the temperature 
increased above 75°F the rate of gain of pigs weighing from 70 to 
144 pounds declined and the feed required for a unit of gain increased. 
At the Texas Station Jackson “ found that at temperatures above 
83°F hogs having access to concrete-constructed wallows ate more 
feed and gained faster and more economically than those without a 
wallow. Artificially constructed wallows may not be practical for pigs 
on forage in the North, but their more general use in the South would 
help to reduce losses from heat prostration and promote more efficient 
feeding results. 

Wallows also provide an efficient means of combating external para- 
sites. For example, by adding a disinfectant to the water in an amount 
to give a concentration of about 2 percent, or by covering the water 
witlt a thick film of crude oil, it will prove an clicctive method of 
ridding the hogs of lice. 

THE GIt,tZLVG ItAUrrS OF PICS 

Below are given some observations on the grazing habits of pigs 
by Shepperd and herdsman Gcikcn of the North Dakota Station.** 
The knowledge gained through such systematic observations is valu- 
able because without it the most intelligent care and management are 
not possible. The quotations arc based on observations taken of two 
groups of spring pigs, numbering 82 and 72, during the setisons of 
1926 and 1928. 

w D- Pfostc\s Rpl., IW8. 

“DuL 1929. 
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Pigs slart out for their day’s foraging from sunrise to a half-hour before 
sun up, varying with the degree of heat which they must endure. 

They lay up in the middle of the day a varying length of time depending 
upon the temperature, food supply, and the distance they must go from home 
to forage. 

When the heat mounted to 90‘’F on August 26, 1926, they slept and loafed 
from 9:15 a.m. until 3:45 p.m. — to the last pig — a period of six and a half 
hours. 

On October 8 of the same season with the maximum temperature 72 °F at 
no single time during the day did all the pigs lay up at once. 

On that day — October 8— daylight set them back to a 6; 30 a.m. start and 
apparently caused them to bed down for the night at 5:45 p.m., which gave 
them a much shorter day than they had in July. 

On July 9, 1928, with a maximum temperature of 71 ®F their beginning hour 
Was 5:30 a.m. and their quitting time 9:15 p.m. On that date the temperature 
was cool, similar to that of October 8, 1926, and only an hour and three- 
quarters of complete rest for the entire 72 head occurred. The rest period was 
taken from 1:00 to 2:45 p.m. 
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The practice of turning pigs into the comheld when the grain is 
well dented and allowing them to remain to harvest the crop, known 
as “hogging-down” or “hogging-off,” is quite general. In 1946 and 
1947, 5.84 percent of the com acreage in the United States was 
harvested hy this method. 

For the latitude of the Com Belt, the hogging-off season begins 
about October 1 and ends 30 or 40 days later. Usually the weather 
is not favorable for a longer season, although occasionally early fall 
pigs are kept in the field until Christmas. Late-farrowing spring pigs 
that have received a limited grain ration during the summer, which 
are thin, active, and of a weight from 90 to 140 pounds, are the kind 
most efficient for this practice. 

The acreage of com which is hogged-off annually varies quite 
widely in the different states and areas. In general, the practice is 
more common in the North than in the South. In the live Corn Beit 
states, Iowa, Illinois, Indiana, Ohio, and Missouri, an average of a 
little less than 3 percent of the acreage was hogged-off in 1946 and 
1947.* In Minnesota, Wisconsin, and Michigan an average of 9.6 
percent was harvested by this method. For the United States as a 
whole, 5.84 percent was hogged-off during these years; prior to 1936 
the reported figure was 1 1 percent. 

HOGGING-OFF AND YAUD-FEEDING COMPARED 

Results of c.vpcri.’ncnfal studies. There are many hognien who look 
on the practice of harvesting com with hogs as wasteful; there arc 
many others, on the other hand, who consider it effieient as well as 
labor-saving. We will consider now the results which have been ob- 
tained when the question of the profitableness of this method of feed- 
ing corn is subjected to experimental tests. Such studies have been 

‘^sriculliiraJ Slalurici, U.S.D.A.. I94S. 
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made at five dilTcrent stations (Iowa, Indiana, Minnesota, Kansas, 
and Ohio). 

In all of these trials one group of pigs was confined in the yard or 
dry lot and fed by hand or self-feeder and another comparable group 
placed in the cornfield with a fenced area which could be cleaned up 
in 30 or 40 days. The pigs in the dry lot were given the fresh-husked 
earn com, full-feed, from an equal area. The actual yield of the area 
to be hogged-down was determined by husking out typical rows. In 
11 of the experiments, the results of which are summarized in Table 
92, both lots were fed tankage, usually in a self-feeder. 


Tabic 92. Hogging-off versus Yard-Feeding 
(Average J7 Experiments) 


Rations 

Initial 

Weight 

Daily 

Gain 

Feed Re- 
quired for 

1 Cwt. 

Gain ^ 

Pork Pro- 
duced for 
Each Bushel 
Corn Fed « 


lb. 

Ib. 

Jb. 

Ib. 

Yard-fed, corn -j- 
tankage 

118 

1.745 

Corn 398 

Tankage 30 

14.1 

Hogging-off, corn -f 
tankage 

118 

1.645 

Corn 444 

Tankage 30 

12.6 

Yard-fed, corn -j- 
tankage 

128 

2.036 

Corn 377 

Tankage 18 

14.8 

Hogging-off, corn -f 
tankage -f forage 

128 

1.885 

Corn 422 

Tankage 29 

n.3 

Average yard-fed 

121 

1.848 

Corn 391 

Tankage 26 

14.3 

Average hogging-off 

121 

1.730 

Corn 436 

Tankage 27 

12.8 

* Calculations based 

on a moisture 

conlcnt of 14 or IS'i percent. 



In a few of the trials minerals also were fed. In six of the tests the pigs 
in both lots, in addition to receiving com and tankage, had access to 
rape or other green feed. The rape for the pigs in the standing corn 
was seeded in die com at the time of the last cultivation in three ot 
the trials; in the other three the forage was separate but adja-nt to 
the field being hocged-otl. The results of ‘tia , ar- sa.. - 

marized separately in the table. The pip at the ^•ginning of th e - 
ferent trials varied in weight from 64 to I 1 37 

The average beginning date was OctoK-r 1 and the fe.u.„„ 3- 

days. 
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Fig. 50. Hogging-ofi corn. A satisfactory temporary fence, suitable portable 
shelters, and a good class of pigs for the job (photo by Allen). 


Very satisfactory gains were made in both lots, with a difference 
only of 6.8 percent in favor of the pigs fed in the yard. At the finish of 
the experiments the yard-fed pigs were 4 pounds heavier than those 
in the field. A feeding period of 10 to 30 days following the close of 
the experiments was required in most instances to bring the pigs to a 
market weight of 200 to 225 pounds. In six of the 17 trials the pigs 
in the cornfield made the faster gains; in 10 of the trials the yard-fed 
pigs gained faster, and in one both groups made the same gains. In 
nearly all cases the yard-fed pigs used their feed more completely or 
economically in producing gains in weight. In only three of the experi- 
ments did the pigs in the standing com make as efficient use of their 
com. The dillerence, on the average, amounted to 1.5 pounds of pork 
for each bushel of corn fed. The consumption of tankage was prac- 
tically the same in the two lots. 

Cost of harvesting corn. The mechanical harvesting of corn has al- 
most completely replaced the old hand-picking method. The result has 
been a great reduction in labor costs, but with some increase in the 
amount of grain left in the field. Barger of the Iowa Station found that 
this loss varied from 2 to 25 percent. 

The costs vary widely, depending chiefly on the yield of corn and 
the acreage liarvcsted. Based on the recent studies which have been 
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made at the Pennsylvania, ^ Indiana,® and Iowa Stations < it appears 
that the average figure of 12 cents a bushel best represents the total 
costs of harvesting and cribbing under present conditions. 

Advantages and disadvantages ol liogging-off corn. In favor of the 
practice of hogging-off corn may be listed the following advantages: 

1. It saves all the costs normally involved in harvesting, cribbing, 
and feeding. Recent studies indicate that the cost from stalk to crib, 
with modem machinery, averages around 12 cents a bushel. 

2. Hogs in the cornfield leave their manure where succeeding crops 
will receive full benefit from the fertility contained. In dry-lot feeding 
the manure must be hauled and much of it never reaches the field. 

3. The sanitary conditions in the field are usually superior to those 
in the dry lot. As a result of their more active life and more vigorous 
condition, also, field-fed pigs usually will outgain those fed in the yard 
during the subsequent short finishing period. 

4. Hogging-off would appear to have a special advantage over the 
machine method of harvesting when the com is badly lodged as the re- 
sult of wind or corn borer damage. 

There are a number of disadvantages that attend the hogging-oll 
method, which may be enumerated as follows: 

1. A considerable amount of corn is lost by being tramped into the 
ground. In a season of light rainfall this loss is probably not much 
more than is wasted in dry-lot feeding. In a wet season, on the other 
hand, it may be large. However, this loss probably is less than that 
which results in shelling and car losses when the mechanical picker 
is used. According to Indiana surveys this amounts to an average of 
around 9 percent. But since such fields usually are later gleaned 
by hogs or other stock, it cannot be credited to the hogging-down 
method. 

2. Extra fencing is usually necessitated by the hogging-olT prac- 
tice. Although of a temporary character, it represents some cost m 
time and money. There is also the necessity of moving houses or erect- 
ing temporary shelters, and of providing watering facilities and a self- 
feeder for the supplements'. 

3. The trampling and packing to which the field is subjected tias 
the effect, in a wet season, of puddling the soil and injuring its tilth h r 


*W. E. Kccrr^f, anJ S. .V D.^. B-i- 

•F. a. Dcmarce. anJ R. H. Ua-iaaa. Air. Lit. Uw 

•IL L Barger, lQfoniiau,>a lo lie a..lhor, Ivf A 
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future crops. This is especially true of heavy soils. Also, the stover is 
largely destroyed as winter feed for cattle. 

4. The practice of hogging-down corn may at times interfere with 
the common cropping system in the winter wheat areas of the Com 
Belt, since much of the wheat grown in the Com Belt follows com in 
the rotation. 

5. The practice results in having the pigs ready for market at a 
time when the price is usually low and encourages the feeding of 
limited rations during the summer to pigs that might more profitably 
have been fed for an earlier market. 

PROTEIN SUPPLEMENTS FOR STANDING CORN 

In the experiments just reviewed in which the results from hogging- 
off and yard-feeding were contrasted, both rations included a protein 
supplement. Without such supplement neither method of feeding 
would have been profitable. Although pigs used for hogging-off corn 
are partly grown and will thrive on com alone for a longer period than 
younger pigs, it has been clearly proved many times that pigs in stand- 
ing com are in as great a need of a nitrogenous or protein supplement 
as are those fed in the dry lot. 

Standing corn with and without tankage. There is abundant experi- 
mental evidence to support this conclusion. In Table 93 are brought 
together the results of 13 such tests made at the Minnesota, Iowa, 
Nebraska, and Missouri Stations. In each experiment one lot of pigs 
had standing com alone while another comparable group in standing 
com had in addition tankage supplied in a self-feeder. In six of the 
trials a mineral mixture was self-fed to both lots. The pigs went into 
the cornfield on dates for the different experiments, ranging from 


Tabic 93. Standing Corn ^iUi and ^vitbout Tankage 
(A verase J3 Experiments) 


Rations 

Initial 

^ydglit 

Daily 

Gain 

Feed Re- 
quired for 

1 Cur. 

Gain 

Pork Pro- 
duced from 

I Acre of 
'‘0 Bushels'^ 

Standing corn + 

lb. 

lb. 

Ib. 

Corn 437 

lb. 

tankage 

109 

1.6S6 

Tankage 37 

512 

Standing corn 

109 

1.109 

Corn 673 

332 


•Com was reduced lo a nioisiurc content of 14- or 15% per cent in Uicso 

calculations. 
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iior.c.iNc; < )n iDitv wd otiii;k crops 

Scj-;c;iihcr 7 io 0,:ii>lvr (>. ..lul t'f .m a\i:r.ij;e uciglu of 109 pounds, 
.-ir.J icui.iiucd for .111 .ncr.uv ivrs.xl of .IS d.i>s. hi all casus a short 
drsdoi riaohiii,; pcriisl subsci|ucnl to the e.xperiincnlal period was 
iicccs'.ity. esen (or tlie h'ls which had received tankage. 

Not only weic th.e pu'.s (cvl the siipplciiienl 22 pounds heavier at the 
close of the hoyiaiic-olf period. Init the increased return for each 
Iiuvhcl of com fed .iiiioiiiilcd to I .S potiiid.s of pork. Each pound of 
tankage eaten had the ctFect of saving 6.4 pounds of corn. An acre of 
com viclding 40 husItcK. according to these re.siilts. would produce 
512 [xiuiuls of |Hirk when suppleinented with IS9 pounds of tankage, 
and only 5.12 ixniiids when no supplement i.s fed. 

'rankage anil siiylicaiis ciimparvil. Animal supplements, such as 
tankage, nic.it scraps, (isii meal, shrimp meal, and the milk by-prod- 
ucts, have generally iKeii proved superior to the plant supplements in 
.supplying the deliciencies of corn for pigs. In one e.xperiment at the 
Michigan Station and two at the Iowa Station whole soybeans, self- 
fed, were compared with tankage, self-fed for pigs hogging-oll corn. A 
itiinenil itii.xturc also was self-fed 10 both lots in the Iowa experiments. 

In each trial the tankage-fed pigs gained faster, the average being 
1.754 and 1.3S0 pounds daily, respeetively, in the two lots, and less 
total feed was reriuircd in the production of a given gain. Each pound 
of tankage consumed had a value equal to 5 pounds of the beans. 

SUri’LEXlENTAL CROPS GROWN IN CORN 

Farmers who practice the hogging-off method of finishing late 
spring pigs very often grow a supplementary crop in with the com. 
The idea behind this is to increase the pork-producing capacity of an 
acre and to provide a cheap supplement which will make less neces- 
sary the purchase of high-priced protein feeds. The crops which are 
used most extensively for this purpose are soybeans, rape, and rye. 

Soybeans planted in corn. The combination of com and soybeans 
should be more efficient as a crop for hogging-off than is standing 
corn alone. When seeded in the hill or drilled with the corn, the yield 
of beans and corn will be about in the ratio of 1 bushel of beans to 
8 of corn. Although lacking in minerals, the ration is nearly balanced 
from the standpoint of its protein supply. 

Feeding trials have been carried on at three experiment stations, 
Minnesota, Iowa, and Missouri, to determine the value of this com- 
bination in comparison with standing com alorte, the results of which 
are shown in Table 94. 
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Table 94. Standing Com versus Standing Corn and Soybeans 
(Average 7 Experiments) 


Rations 

Daily 

Gain 

Feed to 
Produce 

1 CwU 

Gain 

Pork 

Produced 

/roni 

1 Acre^ 


lb. 

lb. 

lb. 

Standing corn 

1.057 

Corn 692 

323 

Standing corn -J- soybeans 


Corn 537 


in corn 

1.240 

Soybeans 70 

369 


'■ Assuming a yield of 40 bushels of com to the acre for the coin-alone lot and the 
same yield of corn and beans, in pounds, in ibe corn-soybean Jot. 


In all except two of the. trials the pigs hogging-off both com and 
beans made the faster gains, and in all but one required less feed to 
produce a given gain. Minerals were fed to both groups of pigs in only 
two of the seven expeiiments, which may have been responsible for 
the fact that the contrast in the results was not wider. If we assume 
that the yield of com and beans together was the same as the yield of 
corn when grown alone, the beans should be credited with producing 
46 extra pounds of pork to the acre. This cannot be regarded as a very 
favorable showing for the practice of seeding soybeans in with com 
that is to be hogged off. 

Tankage improves corn and soybeans. The question whether the 
combination of corn and soybeans for hogging-off can be economically 
improved by feeding an animal supplement like tankage has been 
quite definitely answered by experiments conducted at the Missouri, 
Iowa, and Ohio Stations. The results of these trials, 1 1 in number, 
have been averaged and are shown in Table 95. In each of these trials 
one group of pigs had com containing soybeans, and a second, similar 
group had the same with tankage in addition. The tankage was self-fed 
in all except the Ohio trials, where it was hand-fed in an amount a 
little more than equal to one-third of a pound daily for each pig. Min- 
erals were fed in three of the trials only. The pigs weighed 125 pounds 
at the beginning of the hogging-off period, which lasted 31 days for 
the pigs receiving tankage and a day or two longer for those not receiv- 
ing tankage. 

The individual experiments consistently gave results which paral- 
leled the averages shown in the summary table. In every trial the 
tankage had the effect of stimulating the appetite and increasing feed 
consumption and the rate of gain. The gains also were more cconomi- 
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Table 95. Standing Corn and Soybeans ivith and ^^itbout Tankage 
(Average 11 Experiments) 


Rations 

Initial 

Weight 

Daily 

Gam 

Feed Required 
for I Cwt. Gain “ 

Pork Produced 
from 1 Acre 


lb. 

lb. 

lb. 


lb. 

Standing corn 



Corn and 



soybeans in corn 

125 

1.242 

beans 

620 

361 

Standing corn -{- 



Corn and 



soybeans in corn 



beans 

421 


+ tankage 

125 

1.790 

Tankage 

27 

532 


“ Assuming a yield of corn and beans together of 40 bushels to the acre. 

cal, judged either by the pounds of feed required or in doliars-and- 
cents cost. The 171 extra pounds of pork produced to the acre were 
secured at a cost only of 144 pounds of tankage. 

Standing corn alone with tankage. That soybeans grown in corn arc 
not so effective in balancing the com as is tankage is shown by the 
results of fourteen comparisons made in experiments conducted at 
the Iowa, Missouri, Ohio, Michigan, and Kentucky Stations which 
are summarized in Table 96. In each of these trials one group of pigs 
averaging 126 pounds in weight was given standing corn containing 
soybeans, and another comparable group was given an equal area of 
standing corn not containing beans, and tankage fed by hand or in 
the self-feeder. In seven of the experiments a mineral was fed in both 
lots. 

Table 96. Taiikaae .ersus Soybeans In Corn 
(Average I-t Experiments) 


Standing corn + 
tankage 

Standinj: corn -f- 
sovbeans in cottv 


• A^sumin^ a )tcIJ <■'( -iU 
lo the a.ic. 


Initial 

Weight 

Daily 

Gam 

Feed nequireJ 
to Pnnluce 
! C'^l Gam 

Po/i PruJu^eJ 
fti )rn ! .U re ' 

Ib. 

Ib. 

Ib. 

Corn 44 : 

Ib 

I2S 

I.71I 

fanka.-c 

Corn jr.J 


tis 

1.291 

bca''.\ 
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in the experiments where minerals were fed in both lots. The differ- 
ence of 138 pounds of pork produced to the acre was secured by the 
consumption of 142 pounds of tankage. Thus as a supplement to 
standing com tankage appears to be much superior to soybeans grown 
in with the corn. 

The question naturally arises at this point whether the combination 
crop of corn and soybeans will give larger returns when hogged-off 
than an equal area of com alone, hogged-off, when tankage is fed in 
both lots. This particular question has been the subject of experi- 
mental study at four different stations, at Minnesota, Iowa, Missouri, 
and Ohio, the summarized results of* which are given in Table 97. 
The studies represent 12 direct comparisons. The pigs weighed an 
average of 122 pounds at the beginning of the grazing period, which 
lasted about 30 days. In all but four of the trials the tankage was 
self-fed in a convenient location. 


Tabic 97. Standing Corn and Tankage versus Standing Corn with 
Soybeans and Tankage 
(Average 12 Experiments) 


Rations 

Initial 

Weight 

Daily 

Gain 

Feed Required 
to Produce 

1 Cwt. Gain 

Pork Produced 
from 1 Acre* 


lb. 

ib. 

lb. 

lb. 

Standing corn -f 
tankage 

122 

1.778 

Corn 422 

Tankage 32 

531 

Standing corn with 
soybeans -f 
tankage 

122 

1.758 

Com and 

soybeans 414 
Tankage 29 

541 


• Assuming a yield of 40 bushels of com to the acre in the corn-alone field and 
the same combined yield of corn and beans in the corn-soybean field. 


The results are not clearly in favor of either method of feeding. 
In six of the trials the rate of gain was in favor of the pigs in the com 
without soybeans, in four it was in favor of the corn-soybean pigs, 
and in two there was no difference. The average difference is not 
significant. There was slightly less feed required to produce a given 
gain in the field containing the beans. If we assume that the tonnage 
of feed produced was the same in the two cases, then the soybeans 
must be given credit for producing 10 extra pounds of pork to tlic 
acre and with a saving of 13 pounds of tankage. These two items arc 
hardly more than sufficient to pay for the seed and cost of planting 
the beans. 
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At the Minnesota Substation, Crookston, Kiser compared the 
method of planting soybeans alongside of corn that was to be hogged- 
ofi with that of the more common practice of drilling them in“with 
the com. One-third of an acre of beans was planted in rows adjacent 
to two-thirds of an acre of com. This plot was compared with an acre 
of corn and beans planted together. Two comparable groups of 90- 
pound pigs, numbering eight each, were turned in September 15 and 
remained in the fields until they were cleaned up 52 days later. The 
pigs grazing the corn and beans grown separately gained at the rate 
of 1.48 pounds daily, while those on the acre where they were grown 
together gained 1.40 pounds daily. The total amount of corn and 
beans required to produce 100 pounds of gain was 463 and 555 
pounds, respectively. According to these figures the acre of corn 
and beans grown separately produced 615 pounds of pork while the 
acre containing the two grown together produced 582 pounds. 

Barnett and Goodell of the Mississippi Station, from the record 
of five years’ experience in hogging-ofi corn and soybeans, concluded 
that the practice of growing them together is more economical and 
produces more feeding value than cither grown alone. They recom- 
mend further that when the two arc grown together, the corn be 
husked and fed by hand in amounts up to 2 to 2’/i percent of the 
weight daily while the beans arc being grazed. When grazed together, 
because of the greater palatability of the corn, the corn supply is 
exhausted some time before the beans arc all eaten. 

The effect of growing soybeans in corn on the yield of corn. Con- 
trary to the view of many, soybeans planted in corn do not increase the 
yield of corn; in fact, tlic effect uniforaily is to reduce the yield. .Not 
only that, but the production of beans, in checked phiiiting at lejit, 
is not sufficient to compensate for the loss of corn which it eju%e-i 
When drilled, the yield of both beans and com is praetieally the same 
as the yield of com alone. These conclusions are based on resu.'ti 
obtained at the Kentucky, .Mivsouri. Iowa, Illinois and Ohio eipcri- 
nient stations, where the question was systeinatieall;, insesiieaied 1. r 
IMriods s'arying from two to nine years at the di.'lerent siai.i i., li.e 
data froni’these experiments, as conipded tw Koh.,. n ' are ...n ..i 
Table 9S. 
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Tabic 98. Showing Influence of Soybeans in Corn, Checked and Drilled, 
on the Yield of Corn and Beans 


Checked in Corn 

Hill, 2-4 Seeds 

Years’ 

Work 

Yield per Acre 

Corn Contain- 
Corn ing Soybeans 

Only Coni Soybeans 

Reduction 
in Yield 

of Corn 

Gain or 
Loss ( — ) 
in Total 

Yield 

E. J. Kinney, 

No. 

bu. 

bu. 

bu. 

bu. 

lb. 

Ky. Exp. Sta. 
Etheridge and Helm, 

6 

45.5 

39.8 

3.5 

5.7 

—109 

Mo. Bui. 220 
Etheridge and Helm, 

5 

42.2 

35.2 

3.9 

7.0 

-157 

Mo. Bui. 220 

F. S. Wilkins, 

5 

38.2 

30.3 

4.3 

7.9 

-185 

la. Exp. Sta. 

R. W. Stark, 

9 

54.5 

45.9 

4.6 

8.6 

—207 

111. Exp. Sta. 

2 

58.0 

51.3 

5.4 

6.7 

-51 

Average 

Drilled with the Corn 
F. S. Wilkins, 


47.7 

40.5 

4.3 

7.2 

— 142 

la. Exp. Sta. 

R. W. Stark, 

3 

52.5 

47.7 

5.5 

4.8 

37 

111. Exp. Sta. 
Etheridge and Helm. 

2 

53.9 

47.0 

6.3 

6.9 

-8 

Mo. Bui. 220 

J. B. Park, 

3 

45.1 

41.1 

6.1 

4.0 

140 

Ohio State Univ. 
Agronomy Dept. 

7 

53.4 

45.0 

7.1 

8.3 

—41 

Ohio Exp. Sta. 

I 

65.8 

56.8 

8.2 

9.0 

— 14 

Average 


52.5 

45.8 

6.5 

6.7 

14 


profitable one in the Com Belt when the other usual sources of pro- 
tein supplements are available. A more favorable showing for the 
beans would have been made, however, if a suitable mineral mixture 
had been fed in all eases. 

Sowing rape ill corn. Dwarf Essex rape is easily the most popular 
of the supplcincnlai7 crops grown in corn, especially in the northern 
half of the Com Belt. 

As reported by Evvard and associates of the Iowa Station, 80 
percent of the Iowa farmers who grew such crops preferred rape, 
15 percent grew rye, 14 percent pumpkins, and a small number cither 
cowpeas, soybeans, or clover. The usual method of seeding nipc is to 
broadcast it at the rate of about 3 pounds to the acre, at the time of 
last cultivation. In a season of adequate rainfall it will make a good 
growth; in a droughty season, however, the growth will be sparse. 
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From two years’ observations, Robison of the Ohio Station concluded 
that rape in com will not reduce the yield of corn by more than Vz 
bushel to the acre, on the average. 

One of the important advantages of rape as a supplementary crop 
in com is its ease of seeding and low cost of production. In Table 99 
the cost of growing rape and other crops, as determined by a study, 
undertaken 20 years ago and covering several years, at the Iowa 
Station, is shown. 


Table 99. Acre Cost of Grooving Corn Supplements 


Crops 

When Planted 

Rate of 
Seeding 

Cost of 
Seed 

Cost of 
Sccdhnj 

C 

Dwarf Essex 

Last cultivation 

lb. 

3 

dollar 

0.24 

dollar 

0.16 

doll.tr 

0.40 

rape 






Rape and 
pumpkins 

Rape, last cultiva- 
tion; pumpkins, 
after corn is up 

3 

Rape 0.24 

Pumpkins 0.35 

0.4 1 

1. 00 

Rye 

Drilled in after last 
cultivation 

136 

2.73 

0.60 

3.33 

Soybeans 

Drilled in corn row 
at corn planting 
time 

45 

2.73 

0.60 

3.33 

Cowpeas 

“ 

45 

2.73 

0.60 

3. 33 

Canadian 

Held peas 

Drilled, corn plant- 
ing time 

60 

3.00 

0.60 

3 60 


Rape compared ^ulli so^licans. The feeding value of rape uJu’ii 
grown in the cornfield, as compared uiih soybeans, has l>ccn htuJi.’J 
experimentally at the Iowa, Ohio, and Michigan Stations. Ihe rcMiliv 
of ciglit such trials are shown in Table 100, In four <)f the cxivrmic.'it*. 
summarized separately, no supplement in addition to the l^o 
was provided; in the other four, tankage vsa-v fed in Kith Kitv. 
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Table 100. Rape versus Soybeans in Com 
(Average 8 Experiments, 4 Each) 





Concentrates 



Initial 

Daily 

Required for 

Pork from 

Rations 

Weight 

Gain 

1 Cwt. Gain 

1 Acre “ 


lb. 

Ib. 

lb. 

lb. 

Standing corn and 



Corn 590 

' 

rape 

149 

1.369 

Mineral 1.07 

379 

Standing corn and 



Corn and 


soybeans 

150 

1.291 

beans 544 
Mineral 1.85 

411 

Standing corn and 



Corn 441 


rape + tankage 

136 

1.665 

Tankage 24 

508 

Standing corn, and 



Corn and 


soybeans + tankage 

137 

1.730 

beans 407 
Tankage 21 

550 


* Assuming a yield of 40 bushels of com lo ihe acre when grown with rape and 
the same total yield of com and beans when grown with beans. 


is fed and 42 pounds when tankage is fed. When consideration is given 
to the higher cost ot seeding soybeans as compared with rape, these 
two crops would appear to have about equal value on those farms that 
can grow both equally well. 

Rape compared with rye. Rye has given fairly satisfactory results 
when sown with corn that is to be hogged-off. In a hogging-off experi- 
ment at the Iowa Station one group of 15 pigs was given standing 
corn containing rape which had been seeded in Ihe com hills at the 
rate of 1V5 pounds to the acre, and another similar group was given 
the same area of standing com in which had been seeded rye broad- 
cast at the rate o£ 60 pounds to the acre after the last cultivation of 
the corn. The rate of gain was 1.73 pounds daily for the pigs in the 
field containing rape and 1.57 pounds for the pigs in the rye field. 
The amount of pork credited to each acre was calculated to be 516 
and 503 pounds, respectively. Rye requires more moisture than rape 
and is believed to affect more seriously the yield of the com. 

Supplemental crops adjacent to corn. Pigs hogging-off corn will do 
better, as a mie, when some green feed is available because of their 
succulence, protein content, and the generally stimulating effects. 
This is shown by the results of two experiments made at the Ohio 
Station, the results of which arc averaged in Table 101. In each trial 
both groups of pigs had standing com and tankage. The first year 
one ot the groups had access to clover pasture, in addition, and in 
the second year a mi.xturc of clover and timothy, mostly timothy. 
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Table 101, Showing Value of Pasture with Standing Corn 
(Average 2 Experiments) 





Concentrates 

Pork Produced 


Initial 

Daily 

Required Each 

by 1 Acre of 

Rations 

Weight 

Gain 

I Cwt. Gain 

Corn * 


lb. 

Ib, 

lb. 


lb. 

Standing corn -f- 



Corn 

347 


tankage + clover 
and timothy 

101 

1.99 

Tankage 

12 

645 

Standing corn -h 



Com 

384 


tankage 

101 

1.78 

Tankage 

21 

5S3 


‘Assimiing a yield of 40 bushels of com to the acre. 


The pigs which had access to the pasture had better appetites, 
gained considerably faster, and required less feed for a given gain. 
The forage consumed, the area of which was not stated, had the 
effect of increasing the amount of pork produced on an acre of 
standing corn with tankage by 62 pounds. With this gain in pork 
there was a considerable saving of tankage. 

The results from these experiments, as well as those with soybeans, 
discussed on page 305, suggest the possibility, if not the probability, 
of securing more profitable returns from hogging-off com when the 
supplemental crop is grown independently rather than with the corn. 

versus corn for hogging-off- At the ICansas Station, Anderson 
and Marston compared corn and kafir for hogging-otf purposes in 
two experiments. In both trials the pigs were turned in at weights 
averaging about 100 pounds and remained in the fields 40 days. Both 
lots in each group were hand-fed tankage at the rate of 14 ^pound 
daily. The essential results are reported separately in Table 102. 



Table 

102. Kafir >cr>us Corn 

fur 

Off 







tci J Hrii 





Initial 

Daih 

for / .-. < 



Rations 

IKite 

Wnjit 

(lam 

! ( *r (i . 

llj 




Ib. 

lb. 



Corn 

-F tankage 

Sept, n 

106 

1 oJ 

Cem 

I-t 

r 

Kjllr 

4- tankage 

S-Tt- D 


1 40 

1*. * 4.2 

; } 

Corn 

•j- tankjgc 

CX!. U 

J'O 

1 M 

t . 2 i 

r. 

. % 

Kaitr 

-T- t4trAj*< 

CXI- u 

I -’2 

1 I"* 

*. s .• 

t. *. ; 
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The pigs in' com gained faster than the pigs in kafir, and in both 
cases less corn than kafir was required to produce a given gain. If we 
assume the yield of grain to have been the same, the acre of corn is 
to be given credit for producing 128 pounds of pork in excess of the 
amount produced on an acre of kafir. If the conditions were such as 
to make the two experiments comparable, the results suggest that the 
earlier beginning date for hogging-off is preferable. 

FIELD MANAGEMENT 

To secure satisfactory results with the cornfield method of feeding 
pigs it is imperative that attention be given constantly to the essentials 
of good care and management. A water supply that is clean and easy 
of access is very important, for pigs which do not drink regularly 
and often do not gain well. Portable fountains are convenient when 
1 ’ field is away from the bam. If the field is large, several of these 

ould be situated at different locations. A 150-pound pig will require 
Hum 8 to 10 pounds of water daily. When supplied by hand, they 
should be watered three times daily at least. Wooden platforms 
should be provided to keep the water fountain and the feeder con- 
taining the supplement out of the mud. 

Pigs hogging-off corn require comfortable beds. When not working, 

" y should be sleeping. A chilly rain in the late fall will cause the 
loss of a week’s feeding when no adequate protection is provided 
against it. Whatever the type of shelter used may be, it should have 
a roof that will turn a heavy rain, at least two walls, usually north and 
west, tight enough to be wind- and rain-proof and a foundation or 
bottom sufficiently high to prevent the seepage or flow of water into 
the beds. 

Well-grown shotes in feeder condition are best adapted to the 
cornfield method of feeding; fat pigs lack both the ambition and 
energy to hog-off corn successfully. Gilts which are intended for 
breeding should not be allowed in the field unless watched and re- 
moved before they become too fat. Yearling and older sows which 
are to be bred may be allowed in the field for a short time. They 
will help to break down the com for the younger pigs. The sows may 
be used also to perform the useful service of cleaning up the field 
after the shotes have been removed to the dry lot for finishing. It is a 
mistake to keep the pigs in the field until all the com is eaten, since 
to do so will result in a serious falling off in the gains, and a failing 
off in gains at this stage of feeding is particularly costly. 
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Ordinarily the pigs should not be turned into the field until the 
corn is well dented, since the accumulation of starch in the kernel is 
not completed until the grain is hard. This will be after silage cutting 
time and from two to four weeks before it is dry enough to crib. A 
standard variety of corn will give best results. What is gained in early 
maturity by the use of sweet corn or early varieties of field com, in 
the effort to get the hogs off to market early, is generally sacrificed 
by the lighter yields. 

Before the pigs are turned in they should be partly accustomed 
to new corn feeding. This preparation will help to prevent scouring 
and promote better gains. In case there is little down com, it will 
be advisable to cut or roll down a few rows until they have learned 
the knack of getting it down themselves. 

It will usually be necessary to do some temporary fencing when 
com is hogged-off. Twenty-six-inch woven wire is the kind most suit- 
able. The customary way of putting it up is to anchor well with solid 
end posts and then to tie or fasten the wire to cornstalks and an 
occasional driven post or stake set at suitable intervals. The top of 
the stalks of the fence row should be cut off to prevent damage to 
the fence by the pigs in their efforts to get the corn. Some recommend 
that the next inside row also be cut down for the same reason. The 
area fenced off should be no larger, as a rule, than can be hogged-off 
in 30 days. 

Grazing capacity of an acre of com. The carrying capacity of an 
acre of corn will vary, of course, with the yield, the size of the pigs, 
and the type of ration fed. Schedules showing the time required to 
hog-off an acre of com, based on observations and experimental study, 
have been published by the Minnesota, Iowa, and Ohio Stations. 
Robison’s studies include a consideration of the ration fed, as well 
as the yield of corn and size of the pigs, and is reproduced here, with 
some of the items abbreviated, in Table 103. 

HOGGING-DOWN SMALL CRVIN’ 

The practice of harvesting the small grains by turning the pigs into 
the field when the grain is ripe, or in the hard dough stage, is not a 
general one. Although it has been reported to give good results in the 
Pacific Northwest, where the rainfall is light, experiments throughout 
the Com Belt have generally shown the practice to be an uneconunj- 
ical one. 

At the Missouri Station, .Mumford and Weaver obumed fjir re^u'ti 
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Table 103, The Time Required by Pigs to Harvest an Acre of Com 


Rations 

Yield of 
Com per 
Acre 

With 

10 Shotes 
Weighing 
75- 

100 Lbs. 

iVith 

10 Shotes 
Weighing 
100- 
150 Lbs. 

With 

10 Shotes 
Weighing 
150- 
200 Lbs. 


bu. 

days 

days 

days 

Standing corn only 

35 

43 

29 

25 


50 

61 

41 

35 


65 

79 

53 

46 

Standing corn and soy- 

35 

33 

25 

25 

beans (or other sup- 

50 

47 

36 

35 

plemental crop) 

65 

62 

47 

46 

Standing corn and soy- 

35 

29 

23 


beans (or other sup- 

50 

42 ' 

33 


plemental crop) ■\- 
minerals 

65 

54 

43 


Standing corn -f- tank- 

35 

34 

25 

19 

age 

50 

48 

36 

27 


65 

62 

47 

35 


when ripe rye was hogged-down. From 1908 to 1912 they pastured 
an average of 12 pigs to the acre for a period of 50 days. In addition 
to the rye the pigs received a limited hand-fed ration composed of 6 
parts com and 1 part linseed meal. It was estimated that an acre of 
rye in these experiments should be credited with the production of 
212 pounds of pork, which was not so bad when the smaU yield of 
rye is considered. 

A two-years’ experiment at the Iowa Station was not favorable to 
the practice of hogging-down ripe rye. The first year, when 0.45 pound 
of meat meal was fed daily to each pig as a supplement, the daily gain 
averaged only 0.27 pound. The second year, when a ration of com and 
meat meal was hand-fed in limited amounts, the gains were better, but 
the results as a whole were considered unprofitable. 

Robison and Jones of the Ohio Station “ found in two experiments 
that hogging-down wheat was unprofitable. The 67-pound pigs in 
the standing wheat gained at the rate of 0.57 pound daily during the 
40-day grazing period, while those fed harvested wheat gained daily 
1.25 pounds. A supplement of tankage was fed to both. groups. The 
returns per bushel above the cost of the tankage was 73 cents for the 
harvested wheat, and 49 cents for the wheat which was grazed. 

■ W. L. Robison and P. A. Jones, Mimeo, Rpt., 1935. 
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At the Indiana Station Vestal grazed 20 99-pound shotes on 5 acres 
of wheat for a 50-day period, beginning June 25. When turned in, the 
grain was in the hard-dough state. The conditions generally were 
favorable to the best results; the weather was dry, young clover was 
coming on, and meat meal and a mineral mixture were provided in a 
self-feeder. The wheat was estimated to yield 32 bushels to the acre. 
The results, however, could not be regarded as satisfactory. With 
hogs worth 5 cents, the wheat had a value of 3314 cents a bushel; 
with hogs worth 6 cents, it was credited with a value of 45% cents; 
and with hogs at 8 cents, it was given a value of 70V4 cents a bushel. 

GRAZING CROPS FOR THE SOUTH 

Although the hogging-off of com is not practiced so generally in 
the South as it is in the North, it probably is true that the grazing of 
field crops has a larger place in southern pork production than it has 
in the Com Belt. This may be due to the fact that the production of 
pork in the South is chiefly to meet home-consumption needs, to the 
extra amount of labor required when the crops are harvested by hand, 
and to a greater appreciation of the value of the manure left on the 
land over which the hogs have grazed. 

The fertility benefits conferred on the soil by grazing hogs is strik- 
ingly illustrated by the results obtained at the Arkansas Station, as 
measured by the increased yields of cotton obtained the two years im- 
mediately following the hogging-off of peanuts, chufas, and soybeans. 
Following the grazing of peanuts, the increased yield of cotton 
amounted to 61 percent; following chufas, the increase was 21 per- 
cent; and after soybeans it was 45 percent. 

Sweet potatoes. Bray and Franeconi of the Louisiana Station com- 
pleted a series of experiments designed to determine the place of this 
crop in southern pork production and the best methods of feeding 
them. The results of five years’ work from selected experiments are 
briefly summarized in Table 104. 

Some important facts gleaned from these studies are the follo'.sing' 

The hogging-off of com, sweet potatoes, and soybeans gives satiffae- 
tory results. Ssveet potatoes provide feed for hogs during the late fall 
and early winter, following the period appropriate for hog.'mg-va'f 
com. An acre of potatoes tiiai will yield IfvO bushels will last 12 I, gs 
30 days; com vvill last longer. Sweet poratLses, like corn, are .h. 
carbonaceous and must tse supplemented vs::.h pn :e..n.r.-.h feeds ft 
one experiment the feeslmg of tankage inere_sed i.he 3 — . ea-.-.s re ..e 
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Table 104. Comparative Value of Sweet Potatoes in Various Combinations 


How Fed 

Daily 

Gain 

Feed Required to Produce 

1 Cwt. (jam 

Sweet Protein 
Corn Potatoes Sup. 

Sweet 
Potatoes 
to Equal 

Jib. 

Concentrates 


lb. 

lb. Ib. 

lb. 

lb. 

Potatoes alone 

0.57 

4205 


10.4 

With protein supple- 
ment, in dry lot 

1.04 

1825 

169 

7.7 

With protein supple- 
ment, hogged-off 

1.41 

1628 

76 

4.9 -b vines 

With corn and pro- 
tein supplement, in 
dry lot 

1.66 

162 755 

71 

4.3 

Corn and protein sup- 
>plement, in dry lot 

1.69 

358 

48 



0.87 to 1.46 lbs. The highest value from sweet potatoes is obtained 
when some com and a protein supplement are fed. Four and one-half 
bushels of sweet potatoes are required to equal one bushel of-com. 
To be profitable, an acre of potatoes should yield eight times as many 
bushels as will com. In 1931, 189 bushels of potatoes were produced 
to the acre, in comparison with 21.2 bushels of com. It was estimated 
that from 2 to 4 miUiou bushels of cull or unmarketable sweet potatoes 
were available for feeding in Louisiana each year. As a rule, hogs will 
not pay market prices for No. 1 potatoes. The experimenters quote 
Edwards to the effect that sweet potatoes have a hardening effect on 
the fat of hogs previously fed peanuts. It requires nearly twice as 
much labor to plant an acre of sweet potatoes as it does an acre of 
corn and soybeans. 

Some valuable information is contained in the hogging-off experi- 
ences at the same station by Kidder and Dalrymple covering the 
period of 1919 to 1922 and condensed in Table 105. The results from 
the different crops, however, are not exactly comparable for the reason 
that they were grown in rotation and fed in different years. 

The following specific conclusions with reference to the effeet of 
grazing pigs on mature soybeans as regards the quality or firmness of 
the pork produced are made from the extensive cooperative studies 
conducted by the U.S. Department of Agriculture and various experi- 
ment stations of the country. 




HOGGIiN'G-OFF CORN AND OTHER CROPS 
Tabic 105. Hoguiiig-off Snccl Pofatoes and Soybeans 
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Num- 
ber of Crops 

Tests Hogfted-oQ 

Daily 

Gain 

Feed for 
Each 100 
Pounds Gain 

Pork 

Pro- 

duced 

Yield per from 

Acre 1 Acre 



lb. 

lb. 


bu. 

Jb. 




Corn 

555 



4 

Corn -f cowpeas ^ 

0.98 

Cowpeas 

39 


273 




Corn 

316 

Corn 

12.4 

2 

Corn -1- soybeans ^ 

1.01 

Soybeans 

100 

Soybeans 

4.4 255 




Corn 

193 

Corn 

15.4 

2 

Corn 4- soybeans -f 


Soybeans 

20 

Soybeans 

2.0 


sweet potatoes 

1.71 

Potatoes 

378 

Sweet 


3 

Soybeans -f- sweet 


Corn 

14 

potatoes 

97.5 289 


potatoes 

i.42 

Soybeans 

97 

Soybeans 

10.7 




Potatoes 

870 

Sweet 





Potatoes 

1976 

potatoes 

102.0 28S 




Shrimp 


Sweet 


I 

Sweet potatoes c 

1.02 

meal 

45 

potatoes 

75.0 212 


‘ Cowpeas were mostly forage. 

** Soybeans and corn planted separately but hogged-off together. 
® Ate 7.5 pounds of shrimp bran in addition per hog. 


1. Soybeans grazed alone or with minerals self-fed to pigs starling at weights 
ranging from 85 to 160 pounds and making at least a moderate rate of gain 
through a period of from. 6 to 8 weeks will not produce firm carcasses in the 
usual case even though a subsequent gain in weight has been made by the pigs 
on corn and tankage double that previously made on soybeans. 

2. Soybeans grazed with a supplementary ration of 2.5 percent of shelled 
corn (.iVa pounds daily per hundredweight of pig) with or without minerals 
self-fed to pigs starting at weights ranging from 85 to 1 14 pounds and making 
gains approximately 20 to 60 pounds through a period of from 6 to 8 weeks 
will not produce firm carcasses in the usual case even though a subsequent gain 
in weight has been made by the pigs on corn and tankage equal to that pre- 
viously made on the soybeans — 2.5 percent corn ration. 

3. Soybeans grazed with a supplementary ration of 2.5 percent of shelled 
corn with or without minerals self-fed to pigs starting at weights of 1 15 pounds 
and over and making gains of approximately 40 to 90 pounds through a period 
of from 6 to 8 weeks will produce firm carcasses in the usual case provided a 
subsequent gain in weight is made on corn with tankage 1.5 times that pre- 
viously made on the soybean — 3.5 percent corn ration. 

4. Soybeans grazed with a supplementary ration of 1.5 to 2.5 percent of 
shelled corn and with minerals self-fed to pigs starting at weights ranging from 
35 to 85 pounds and making gains of approximately 40 to 75 pounds throug.h 
a period of from 8 to 10 weeks produce, in the usual case, carcasses of satis- 
factory degree of firmness when a subsequent gain in vscighi of 135 pou-nd* or 
more has been made by the pigs on corn and tankage. 
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More recent studies by Halverson and associates at the North Caro- 
lina Station,^ over the period from 1937 to 1942, emphasize the im- 
portance of supplementing soybeans that are being hogged down with 
both protein and minerals, and of feeding a hardening diet after the 
pigs reach a weight of 85 pounds in order to avoid a high percentage 
of soft carcasses. 

Peanuts. This is considered one of the valuable legume crops of 
the South especially adapted to light sandy soils. The underground 
seeds or nuts are rich in oil and protein, are particularly relished by 
hogs, and when foraged along with the proper supplements give good 
results. The North Carolina or Georgia variety of peanut when planted 
early in the spring will be ready for grazing by the middle of Septem- 
ber. Due to the fact that the matured seeds do not sprout in the 
ground, as does the Spanish variety, it may be grazed during the winter 
up to March 1. The Spanish variety is a quicker grower and is ready 
to hog off 6 weeks earlier than the former kind, but does not yield 
nearly as heavily. 

At the Texas Station, Warren® grazed 10 March-farrowed pigs on 
peanuts alone from September 24 to November 20, a period of 57 
days. Another similar group was grazed on peanuts for 30 days, fol- 
lowing which for 27 days milo chop and cottonseed meal were hand- 
fed in the ratio of 6 to 1, in the dry lot. Three other similar groups 
were fed rations in the dry lot as shown in Table 106. 

The pigs which grazed the peanuts with no other feeds made ex- 
ceptionally good gains. The Helds were estimated to yieid 25 to 30 
bushels of nuts to the acre. The five acres of peanuts grazed produced 
1396 pounds of pork. The principal object of the experiment, how- 
ever, was to determine the effect of peanut feeding on the quality of 
pork. All the pigs which grazed peanuts for the entire period with no 
other feeds killed “soft” and were docked by the packers $2 a hun- 
dred, live weight. Of the pigs which grazed the peanuts 30 days only, 
followed by 27 days on hardening feeds in the dry lot, only three killed 
“soft”; the other seven killed firm and were not docked. The practice 
illustrated in this lot was deemed a profitable one. Practically all the 
pigs in the other lots killed hard. 

Peanuts tend to produce “soft” hogs, but the fault is said not to be 
considered serious by those who are acquainted with the superior 
flavor of peanut-fed pork. Packers, however, discriminate against 
such hogs. If fed with com or grazed with sweet potatoes, velvet beans, 

' J. O. IMicrson. E. H. Hoslclicr, and F. II. Smith, It. An. Set., Vol. 6. No. 4, 1947. 

«G. R. Warren, Bui. 305, 1923. 
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Tabic lOS. Gra7ing Peanuts Compared ssilb Other Feeding Methods 


Rations 

Initial 

Weight 

Daily Feed Feed 

Daily Consump- Eaten Each 
Gain tion 1 Cwt. Gam 


lb. 

Ib. 

Ib. 

Ih 


Grazed peanuts, 57 days 

119 

1.61 



Corn chop -t- tankage, self-fed. 





426 

frcc-choice, 57 days 

119 

2.06 

9.31 

Tankage 

25 





Total 

451 

Milo chop cottonseed meal. 




Milo 

458 

self-fed, free-choice, 57 days 

119 

1.52 

7.04 

Cotton m. 

5 





Total 

463 

Milo chop -f peanut meal, self- 




Milo 

464 

fed, free-choice, 57 days 

119 

1.50 

7.04 

Peanuts 

7 





Total 

471 

Grazed peanuts, 30 days; milo 




Milo 

357 

chop 6 -j- cottonseed 1 meal. 

118 

1.55 

6.29 a 

Cotton m. 

60 

hand-fed, 27 days 




Total 

417 


‘‘Based on feed consumed and gains made during the 27*day dry-lot period only. 


or chufas, or if followed by a dry-lot finishing period with hardening 
feeds, the difficulty will be somewhat alleviated. In these experiments 
the Spanish variety of peanuts was used. The results were considered 
very satisfactory especially when consideration was given to the poor 
type of soil producing them and the fertility benefits conferred on the 
soil for following crops. 

At the North Florida Station, Kirk and associates ® conducted win- 
ter and summer grazing trials in which com, peanuts, cowpeas, and 
sweet potatoes were compared. The soil ^vas a fine sandy loam better 
adapted to com than to peanuts. A summary of the three summer 
grazing experiments are given in Table 107. 

In these trials it was found that com and Spanish peanuts planted 
early in the spring would be sufficiently mature from July 1 to 15 to 
permit grazing, while Florida runner peanuts and sweet potatoes could 
be grazed beginning in October. It would appear from the results 
above that com, with tankage supplement, was the most profitable 
crop for summer grazing. 

In three winter grazing experiments the same authors compared 
Florida runner peanuts, alone and in various combinationi, v'liih 
sweet potatoes for growing and fattening pigs uith re^ulii as ium- 
inarizcd in Table lOS. 

•w. G. Kirk.. L. O. Gratz. anJ V. E. UTuJc.*jum. Jf. U-L iH. I»43 
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Table 107. Summer Grazing Trials at the North Florida Station 
(Average 3 Experiments, 1937-1941) 


Grazing Crops 

Corn 

Alone 

Corn 

and 

Tank- 

age 

Corn and 
Cowpeas, 
Inter- 
planted 

Corn and 
Spanish 
Peanuts, 
Alternate 
Rows 

Spanish 

Peanuts 

Alone 

Total number of pigs 

23 

23 

24 

15 

12 


lb. 

Ib. 

lb. 

lb. 

lb. 

Average initial weight 

91.5 

92.7 

92.0 

90.3 

93.1 

Average final weight 

198.7 

228.3 

201.9 

215.3 

205.4 

Average daily gain 

1.27 

1.75 

1.35 

1.44 

1.60 

Average gain per acre of 

crop 

421 

533 

451 

321 

230 

Feed to produce 1 Cwt, 
gain: 

Corn 

691 

536 

693 

556 


Cowpeas 


.... 

no estimate .... 


Spanish peanuts 

.... 

.... 


75 

4S3 

Tankage 


23.2 




Minerals 

4.43 

0.61 

3.43 

3.28 

3.27 


Tabic 108. Winter Grazing Experiments at tlic North Florida Station 
(Average 3 Experiments) 


Crazing Craps 
and 

Supplements 

Florida 

Ru/mer 

Peanuts 

Alone 

Florida 

Runner 

Peanuts 

and 

Tankage 

Florida 
Runner 
Peanuts, 
Green 
Oats, and 
Tankage 

Sweet 

Potatoes 

and 

Tankage ® 

Total number of pigs 

14 

15 

15 

48 


Ib. 

Jb. 

Ib. 

lb. 

Average initial weight 

80.6 

79.7 

79.5 

87.6 

Average final weight 

182.9 

185.7 

188.0 

173.9 

Average daily gain 

1.49 

1.69 

1.74 

l.U 

Average gain per acre crop 

245 

272 

278 

531 

Feed to product 1 Cwt. gain: 
F. Runner peanuts 

542 

430 

445 


Green oats 

.... 


ad lib. 


Tankage 

.... 

21.5 

14.8 

67.8 

Sweet potatoes 

.... 



3998 

Minerals 

3.62 

1.36 

1.23 

0.43 


» Average four trials. 


Although the pigs which grazed the sweet potatoes made the slowest 
(iaily gains, the amount o£ pork produced per acre was practically 
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double lliat wliicli was secured fimii an acre of the peanuts. The results 
cmplia.size, also, the importance of feeding a protein supplement under 
such circumslance.s. 

Cliufa.s. Phmted from April to June, chufas will produce 75 to 150 
bushels of tubers per ucrc which may be hogged off any time during 
the winter. They tire cheaply grown, do best on light sandy soils, and 
are eaten with great relish by pigs. Because of their carbonaceous 
clianictcr they should be supplemented by the addition of protein- 
rich feeds, such as tankage, fish meal, shrimp meal, milk by-products, 
or soybean oil meal with a good mineral mixture. Like peanuts, chufas 
produce soft pork. 

Velvet beans. This legume is adapted to the light soils along the 
Gulf. In the northern half of the Gulf states, however, it does not 
produce as well as soybeans or cowpeas. The velvet bean produces a 
trailing vino and should be planted with a supporting crop, such as 
corn, which will give good results when hogged off. The method of 
planting which is believed to yield the largest return in pork when 
grazed is in conjunction with com and peanuts, the com and peanuts 
in alternate rows and the velvet beans planted later in the same row 
with either the com or peanuts. Frequently it is planted in com, one 
row of beans alternating with two rows of com. Grown with com, it 
has yielded as high as 40 to 60 bushels to the acre. The beans are rich 
in protein and with corn make a well-balanced ration. The addition 
of minerals probably would prove beneficial. 

Other root crops. Artichokes and mangels are sometimes used as 
grazing crops for hogs. The large amount of hand labor involved in 
growing them, however, and their bulky watery character preclude 
their general use in pork production. Artichokes grown on rich loose 
soil containing an abundance of humus will give fair returns. At the 
Oregon Station, French grazed six 162-pound pigs on one-eighth of 
an acre from October 22 to December 11, securing an average daily 
gain of 0.81 pound. The pigs were fed in addition a light grain ration. 

It was estimated that the root saved 2 pounds of grain in the produc- 
tion of each pound of pork. Eward and associates of the Iowa Station 
secured a yield of 226 bushels of artichokes to the acre. When hogged- 
up with a limited ration of com and tankage, they gave fairly satis- 
factory results. The authors were doubtful, however, if the crop would 
pay unless profitable use were made of the tops. Jerusalem artichokes 
are recommended as a crop for swine by Krauss of the Hawaii Station. 
Afangels are grown successfully on the rich alluvial bottom lands of 
the South and may profitably be used as a winter grazing crop. 



XII Protein Supplements 
— Dairy By-products 


Attention has already been given to the fact that com and the other 
cereal grains are particularly deficient in proteins, minerals, and vita- 
(see Chapters VII and VIU). Since the grains constitute the 
bulk of the feedstuffs used in pork production everywhere, it is ap- 
parent at once that extensive use must be made of supplemental feeds 
U good nutrition is to be maintained and economical production made 
possible. Forage and grazing crops possess these supplementing qual- 
ities, as we have just seen in the preceding chapters; but due to their 
bulk and the fact that they are available only for part of the year, they 
can be depended on for a part of the needs only. Recourse to com- 
mercial feeds is therefore necessary if the home-grown grains are to 
be fed in a manner that will ensure their most effective use, partic- 
ularly during the winter season. 

The supply of protein supplements. The extent to which the various 
commercial protein feeds are made use of is limited of course by their 
supply. In Fig. 51 the annual tonnage production available for feeding 
in the United States is shown diagrammatically for those manufac- 
tured feeds most extensively used in pork production. Of the feeds 
listed, cottonseed meal, wheat bran, and skim milk are used less ex- 
clusively in pig feeding than is true of any of the others. Since only a 
small proportion of the production is involved in foreign trade, the 
figures represent fairly accurately the supply available to the Amer- 
ican feeder. Not all of these feeds reach the feeder in their original 
form, however, for the reason that a proportion of each is used in Che 
manufacture of commercial mixed feeds. 

The present supply of these feedstuffs represents in practically all 
cases an increased production, compared with that for the period 
1927 to 1934, about equal to the increase which has occurred in 
general agricultural production. This has been moderate and gradual 
^ 320 
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Fig, 51, Average annual tonnage supply of protein concentrates in the 
United States, 1943 to 1947, inclusive (U.S.D.A.. Agr. Statistics, 1948; Earte O. 
Whittier, "Am. Butter and Cheese Review/' Vol. 12, No. 1, January, 1950J 


except in the case of soybean oil meal. The supply of this protein-rich 
swine supplement now exceeds that of any other feed, its production 
having increased more than 40 times during the past 20 years. 

Our production of oil meals generally exceeds our consumption, fn 
1948 the net exports (exports minus imports) of cottonseed meal 
amounted to 82,200 tons; of soybean oil meal, 146,900 tons; of lin- 
seed meal, 45,900 tons; and of peanut oil meal, 20,200 tons. In the 
case of wheat mill feeds, on the other hand, the net imports were 121,- 
500 tons; of fish meal, 45,800 tons; and of tankage, 37,800 tons.' 

The relative importance in terms of value of the various by-product 
feeds in the United States is shown in Table 109, which represents 
calculations by Paarlberg of the Indiana Station - of the U.S. Depart- 
ment of Agriculture data. 


FceJ Slalistia, Sialislical Bui. SJ, Bureau Asr. Ec.. U.S D A . Dec.. 1949. 
Don Paarlberg, Bui. 538. 1949. 














322 


PORK PRODUCTION 


Table 109. Relative Importance of Various By-product Feeds in the 
United States, 1948 and Pre-War 


Percent of total value year 
beginning October: 

Average, Average, 

1937^1, 1948 

Percent Percent ^ 


Oilseed meal and cake: 

Soybean meal and cake 10 21 

Cottonseed meal and cake 15 13 

Linseed meal and cake 4 3 

Peanut meal and cake I 1 

Copra meal and cake 1 1 

Animal proteins: 

Tankage and meat scrap 9 7 

Fish meal 3 2 

Commercial dried-milk products 3 2 

Grain protein feeds: 

Gluten feeds and meal 4 4 

Brewers’ dried grains 1 1 

Distillers* dried grains 2 2 

Other by-product feeds: 

Wheat millfeeds 29 26 

Rice millfeeds 1 1 

Dried molasses beet pulp 2 1 

Alfalfa meal 3 5 

Miscellaneous by-product feeds !> 12 10 

Total 100 100 


■ Preliminary. 

Includes hominy, oat millfeeds, molasses and screenings. Does not include 
noncommercial milk products. 

The prices of protein supplements. Variations which have occurred 
in the average annual prices of these feeds during the period 1938 to 
1947 inclusive are shown in Fig. 52. The changes from year to year 
during this time are in the main a reflection of the general economic 
conditions resulting from the war. Like all other commodities, feed 
prices were relatively high and constant during the war years. Price 
inflation during the postwar period was responsible for the extreme 
prices reached in 1947, Feed prices may be expected to fall only when 
the general price level declines. 

Compared with feed prices during the prewar period (1935 to 
1939), the average price of the 10 major protein supplements had 
increased 240 percent by 1949. The price of tankage, meat scraps. 




and fish meal increased by 328 percent, and the four oil meals by an 
average of 219 percent.^ 

During these years prices for the different feeds parafJeled one an- 
other rather closely. It is of interest to the feeder also to observe the 
rather constant relationship between the prices of the different feeds. 
On the average, during this 10-year period, taking the price of 60 per- 
cent tankage at 100 dollars a ton, the other feeds at their respective 
points were selling, in round numbers, as follows: 43 percent cotton- 
seed meal, 68 dollars; 41 percent soybean oil meal and 32 percent 
linseed meal, each 66 dollars; middlings, 37 dollars; and bran, 36 
dollars. Sixty-seven percent fish meal, not shown in the graph, sold 
in San Francisco during this period 10 dollars a ton higher than tank- 
age in Chicago. 

Prices of the cereal grains are shown in Figure 56. 

The average prices by months of these protein supplements for the 
period of 1940 to 1948 are shown diagrammatically in Fig. 53. Al- 

* Feed Siaiisiics. Staitsucal Bui. So. SS. Bur. Agr. Ec., U.S.D.A., 1949 . 
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though none varied widely from month to month, there were differ- 
ences which suggest that different types of feeds follow certain pat- 
terns. The by-products from the oil-producing seeds, cottonseed meal, 
linseed meal, and soybean oil meal, for example, sold highest in July 



Fig. 53. Average monthly wholesale prices of common protein supplements, 
1940 to 1948. Prices are per ton bagged — bran, middlings, and linseed meal at 
Minneapolis; cottonseed meal at Memphis; soybean oil meal at Chicago; alfalfa 
meal at Kansas City (U.S.D.A., Market News and Service Division). 

and August and lowest in April and May. Prices for bran and mid- 
dlings also were highest in July and lowest during the early winter, 
although a study of the price changes in the individual years sup- 
plied little evidence that season is an important factor with these two 
feeds. In the case of alfalfa meal a regular decline in price occurred 
from January to June, and a gradual increase in price from July to 
January. 

DAIRY BY-PRODUCTS 

The by-products resulting from the use of milk in the manufacture 
of butter, cheese, condensed and dried milk, etc., constitute one of the 
large sources of protein available to the farmer for balancing home- 
grown grains. These are chielly skim milk, buttermilk, whey, and con- 
densed or semisolid buttermilk. Of the 26 million tons of skim milk 
received or produced by processors in 1947, less than 30 percent was 
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consumed as human food; about 40 percent of the buttermilk was 
condensed or dried, most of which was fed to livestock; and about 23 
percent of the whey was dried and used mainly in chicken feeds.' 

Skim milk, buttermilk, semisohd and dried buttermilk, on the drj- 
matter basis, are practically the same in composition as the motiior 
milk with the fat removed. The butterfat contains much of the encruy 
and fat-producing qualities of the whole milk as well as practically .all 
of the fat-soluble vitamins, but there are left after its removal all the 
proteins and minerals, and these arc the nutrients of which Corn Celt 
rations stand in greatest need. Milk proteins arc superior to the pro- 
teins of most other supplements, especially those of plant origin, be- 
cause they contain a good supply of the particular proteins or amino 
acids, which are insufficiently contained in the grains. The mincr.ils 
of milk are fairly high in calcium, phosphorus, and common s.ilt, but 
deficient in iron and copper. 

Food deficiencies of milk .by-products. None of the d.iiry by-prod- 
ucts are complete feeds, however. In common with practictilly .ill the 
commercial supplements, skim milk, buttermilk, whey, semisolid but- 
termilk, and dried milk are devoid practically of any vitamin A or [). 
However, milk is one of the richest feed sources of riboil.ivin (vii.i- 
min B-). Although water-soluble, much more is found in buttermilk 
than in skim milk. The other water-soluble vit.imms are cont.imed 
only in fair amounts. Adding to a corn-milk ration high grade sun- 
cured alfalfa meal in an amount to represent ItJ to 12 percent of il e 
dry feed by weight, or providing fresh green forage, will enmre p:i>- 
tection against any known viiamin detieieney. 

IVhoIe milk not a perfect food. According to Hart a::J a. .. v.-i.'e i 
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tional gains. They attained the weight of 200 pounds in AVz months, 
which represented a rate of gain from birth of 1.48 pounds ' daily. 
Perhaps the most spectacular feature of the performance was that only 
1.97 pounds of dry matter were requited for each pound of gain; for 
the pigs fed the standard ration, 3.53 pounds were necessary for 1 
pound of gain. The results of this study are most suggestive and give 
further insight into the feeding qualities of the milk by-products. 

Whole milk also is deficient in iron, for as we have seen in Chapter 
IV, when nursing pigs are limited to the mother’s milk alone, anemia 
results. , 


Table 110. Composition of MUk and Milk Products ’ 



Dry 

Matter 

Protein 

N-free 

Extract 

Fat 

Calcium 

Phos- 

phorus 

Total 

Minerals 


% 

% 

% 

% 

% 

% 

% 

Whole milk 

12.8 

3.5 

4.9 

3.7 

0.12 

0.09 

0.70 

Skim milk 

9.5 

3.6 

5.1 

0.1 

0.23 

O.IO 

0.70 

Buttermilk 

9.4 

3.5 

4.5 

0.6 

0.14 

0.08 

0.80 

Condensed or 
semi-solid 

buttermilk 

29.7 

10.9 

12.6 

2.2 

0.44 

0.26 

4.00 

Dried 

buttermilk 

92.4 

32.4 

43.3 

6.4 

1.36' 

0.82 

10.00 

Whey 

6.9 

0.9 

5.0 

0.3 

0.05 

0.04 

0.70 


“F. B. Morrison. Feeds and Feedins, 21st Ed., Morrison Publishing Co., Ithaca, 
N. Y, Table I, Appeadix, 1948; H. H. Mitchell and F. J. McClure, Bui. 99, Nat. Res. 
Council, 1937. 


SKCVI MILK AND BUTTERMILK 

Skim milk and buttermilk o£ equal value. Reference to Table 110 
will show these two milk products to be practically identical in com- 
position as expressed by the usual chemical analysis. Furthermore, all 
feeding experiments in which the two have been compared as supple- 
ments to com have failed so far to show any differences in food prop- 
erties not revealed by chemical analysis. Of course, this refers to but- 
termilk undiluted with the chum washings and before either has suf- 
fered deterioration from long standing and putrefaction. Yet these two 
products are very unlike in taste and bacterial content; when fresh, 
one is sour and the other sweet. The lactic-acid — producing bacteria, 
which abound in buttermilk, arc believed to benefit digestion through 
the influence which they exert in controlling the character of the bac- 
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tcrial growth of the imciliiial tract. So far as we know at this time 
however, we may safely apply the results of feeding tests from one to 
the other. 

Proportions of skim milk or buttermilk to feed with corn. The 
aiiiount of skim milk or buttermilk required to supply the protein de- 
ficiencies of corn for growing and fattening pigs of different ages is 
indicated in Table 111. The minerals supplied by these proportions, 
also, although not abundant, will be adequate for normal growth. 


Table 111. Tlic Propordoa of Skim Milk or Buttermilk Required 
to Balance Corn 


For 

50-Ib. Pis 

For 

lOO-lb. Pis 

For 

150‘lb. Pis 

For 

200-lb. Pig 

For 

250-Ib. Pig 

1 corn to 

4 milk 

1 corn to 

3 milk 

1 corn to 

2 milk 

1 corn to 

1 V 2 milk 

1 corn to 

1 44 milk 


In practice it frequently will be profitable to feed a larger propor- 
tion of milk than is indicated in the table, especially for pigs weighing 
150 pounds and more. When there is a surplus of milk, and com is 
scarce and relatively high in price, larger amounts will pay, even 
though the unit value of the milk will thereby be reduced. When given 
all the milk they will take in three feedings a day, pigs will consume 
from seven to nine times as much milk as com self-fed. Usually, the 
younger the pig, the larger will be his consumption of milk compared 
with corn. Although this heavy consumption necessitates the digestive 
accommodation of a large volume and of handling an amount of 
water which is in excess of the normal body requirements, the pig’s 
capacity to make gains does not seem to be affected. 

In Robison’s experiments at Ohio,’^ increasing the ratio of milk to 
com from one part of com to one of milk to three, five, seven and 
nine parts of milk produced the gains 1.058, 1. 1 76, 1.299, and 1.573 
daily, respectively. These figures represent the averages from tv\o 
experiments. The individual experiments gave results which paralleled 
the averages. In a similar test, Ferrin and Johnson of Minnesota ' 
fed four groups of pigs corn and buttermilk in different proportions. 
One part of com was fed with two, three, five, and seven parts of 
milk, respectively, in the different lots. The gains, which represent the 
averages from two experiments, were 1.480, 1.375, and 1.355 pounds 

*W. L. Robison, Bui. 349. 1921. 

*E. F. Ferrin and D. W. Johnson, 11-56, 1932 and H-59, 1933. 
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daily. These results were consistently shown in the individual experi- 
ments. 

When a limited supply of milk is available and corn is relatively 
cheap, on the other hand, it will not be profitable to feed more than 
necessary to balance the grains. In this situation especially it often will 
be advisable to make use of a second supplement along with the milk. 
Excellent results are always secured in rate and economy of gains 
when any of the standard protein feeds like tankage, middlings, or 
linseed or soybean oil meal is used as a partial supplement with milk. 
In fact, a combination of the two seems to be more efficient than 
either alone, as shown in Table 1 14. As a rule, the smaller the amount 
of milk fed, the greater is its unit value. The unit value, however, does 
not furnish a reliable basis for determining the proportion which 
would be most profitable to feed under a given set of conditions. 

The money value oE skim milk. Probably the best basis to use for 
figuring the value of skim milk is using the results obtained from ex- 
periments in which it is compared with a standard supplement like 
high-grade tankage. Obviously the price one can afford to pay should 
not be based on the saving of feed effected when fed against com 
alone. It would be more logical to do this if no other supplements 
were available. With many such supplements on the market, however, 
its value is most accurately measured by comparing the feeding results 
with those with which it must compete. 

In Table 112 are given the results of 10 feeding trials conducted 
at the Ohio and South Dakota Stations, in each of which com and 
skim milk' or buttermilk were fed to one group of pigs in the dry lot 
and com and high-grade tankage to another similar group under the 
same conditions. The summary includes the data from those experi- 
ments only in which full rations were fed in both lots and the time 
covered extended over most of the growing and fattening period. The 
pigs were mostly fall-farrowed and weighed from 43 to 82 pounds at 
the beginning for the different experiments, the average being 60. The 
proportion of milk fed averaged practically 2 pounds tor each pound 
of com, while the tankage amounted to 3 0 percent of the ration. As a 
result, the proportion of protein supplied in the two contrasting rations 
was practically identical. 

As usually is the case, the pigs which received skim milk outgained 
those fed tankage. In 3 of the 10 trials, however, the tankage-fed pigs 
made the faster gains. The rate as well as the economy of gains would 
indicate that nutrition was good in both lots and that no serious food 
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Tabic 112. Skim Milk or Bultcrniilk Compared with Tankage 
{Avera'^e 10 Experiments) 


Feed to 

Def^inninii Daily Produce 

Rations Weisld Gam ICwt.Gain Daily Ration 



Ib. 

Ib. 

lb. 


lb. 


Cora 4- skim milk 



Corn 

288 

Corn 

3.79 

or buttermilk 

60 

1.3 14 

Skim milk 

567 

Skim milk 

7.45 




Corn 

361 

Corn 

4 26 

Corn 4- tankage 

60 

1.180 

Tankage 

37 

Tankage 

0.44 


deficiency existed in either ration. However, if yellow instead of white 
corn had not been fed and access to the open and sunshine not been 
given, some nutritional disturbances would have occurred in both lots 
(see page 221). 

In producing 100 pounds of gain, 567 pounds of milk replaced or 
had the value of 73 pounds of com and 37 pounds of tankage. Using 
these values it is possible to determine what skim milk is worth with 
varying prices for corn and tankage. The results of such a computation 
are shown in Table 1 1 3 for a rather wide range of feed prices. 


Table 113. Showing the Value of 100 Pounds of Skim Milk or Bullcrniilk as 
Related to tlie Price of Corn and Tankage 


Corn per 
Bushel 

$40 

$50 

$60 

50^ 

2M 

2Zf 

31^ 

60( 

26( 

30^ 

33^ 

IQf 

28( 

32^ 

36< 

zot 

30^ 

34,f 

38^ 

90f 


37f 

40^ 

$1.00 



43^ 

$1.25 



48( 

$1.50 

$1.75 





Tankage per Ton 
$70 $80 $90 

SIOO 

sns 

$150 

34f 

38/ 

41/ 




37/ 

40/ 

43/ 

46 1 



39/ 

42/ 

46/ 

49f 

STI 


41/ 

45/ 

48r 

5If 

59( 


43/ 

47< 

50/ 

53/ 

61/ 

69/ 

46/ 

49/ 

52/ 

56/ 

64/ 

71/ 

51/ 

54/ 

57/ 

60/ 

69/ 

77/ 

55/ 

59f 

62/ 

65/ 

74/ 

82/ 

€6( 

(Ot 

73/ 

8’/ 

89/ 


Assuming a constant ratio between the pnee of corn and tunkaee. 
it is possible to state the value of skim nulk or butterm.lfc tn term, 
either of com or tankage. For the lO-jear per.od, 1939 to U.K h 
estimated price paid by farmers for 6 percent tan a repres^n - , 
on the weight basis, appro.ximately 2.2 the pnee he rexened for 

his com.» The feed replaced or saved by ICO pound, of nnlx in t... .. 

•Sramijcat Bui. No. S5. UiD-C. Bar. Air. te.. IN-. 
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experiments was equivalent therefore to 27.3 pounds of com or of 
12.4 pounds of tankage. These calculations give results which support 
the following general rules; 

One hundred pounds of skim milk or buttermilk are worth approxi- 
mately one-half a bushel of com. 

One hundred pounds of skim milk or buttermilk are worth approxi- 
mately 62 percent of the value of a ton of tankage divided by 100. 

Improving a ration of corn and buttermilk. Although skim milk and 
buttermilk are probably the most efficient single supplements known 
for balancing com for pigs in the dry lot, it has been shown that they 
can be improved upon. Kuhlman and Wilson of the South Dakota 
Station showed quite clearly in two experiments that when part of 
the buttermilk in a com-butterrailk ration lis replaced with tankage, 
the gains are both more rapid and economical. The results of these 
tests, one of which was run during the fall and the other in winter, are 
averaged and shown in Table 114. The pigs in each lot were fed from 
a beginning weight of 57 pounds to a finishing weight of 226 pounds. 
The corn fed was yellow. Full rations were fed excepting that the 
amount of buttermilk was limited to the quantity which would balance 
the respective rations most efficiently. 


Tabic 114. Adding Tankage to a Com-Bultermilk Ration 
(Average 2 Experiments) 


Rations 

Initial 

Weight 

Daily Ration 

Daily 

Gains 

Feed Required 
for 1 Cwt. Gain 


lb. 

lb. 


lb. 

lb. 


Corn 4- buttermilk 

57 

Corn 

4.54 

1.53 

Corn 

297 



Buttermilk 

9.35 


Buttermilk 

611 

Corn + buttermilk + 


Corn 

5.39 



317 

tankage 

57 

Buttermilk 

4.83 

1.70 

Buttermilk 

284 



Tankage 

0.34 


Tankage 

19.95 


The piss which received both buttermilk and tankage gained 12 
percent faster and were ready for market 1 1 days earlier than the pigs 
fed buttermilk only. This difference was the result apparently of the 
greater palatability of the ration containing both the supplements, for 
the daily consumption of this ration was 12 percent greater tlian the 
other. Part of the dilTercncc, however, may have been due to the fact 
that the ration containing the tankage provided a more adequate sup- 
ply of calcium and phosphorus as well as about 15 percent more 
‘•/Vrtbur H. Kuhlman and James W. Wilson, Dol. 216, 1925. 
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protein. Only in the case of the calcium, however, was the quantity 
supplied in the buttermilk ration below the amount generally regarded 
as most desirable. 

From the standpoint of the practical feeder, the use of both supple- 
ments paid. With corn at one dollar a bushel and buttermilk at 50 
cents a hundred, the tankage fed in these experiments returned a 
value of $128 a ton. Especially when the supply of milk is limited, 
tankage and similar supplements will be found most valuable. When 
use is made of two sources of protein, as in these experiments, it is 
important that the amount fed be strictly limited so that the protein 
supply shall not exceed what is necessary to balance the ration. 

Headley of the Nevada Station ** found in one dry-lot experiment 
that feeding 4 pounds of skim milk daily to each pig, as an addition 
to a ration of ground wheat, self-fed, a protein supplement composed 
of 40 percent meat scraps and 30 percent each of linseed meal and 
alfalfa meal, self-fed, resulted in increasing the gains from 1.29 to 
1.44 pounds daily. 

Replacing skim milk with a plant supplement. Three experiments 
by Bohstedt and associates at the Wisconsin Station make possible 
a study of the effect of replacing part of the skim milk with a plant 
supplement composed of equal parts linseed meal and standard wheat 
middlings. In these experiments, which were with pigs fed full rations 
in the dry lot from a weight of 52 to 200 pounds, the basal ration 
contained, in addition to the skim milk, 5 percent of chopped alfalfa 
hay and 2!4 percent of a mineral mixture made up of one part ground 
limestone, one part of steamed bone meal, and one-haif part iodized 
salt. The quantity of skim milk fed amounted on the average to H 
pounds daily for each pig, which was in the ratio of two parts of milk 
to one of com. This ration is compared here with one in whicii half 
the skim milk was replaced with the linseed meal and middlings sup- 
plement. The latter was fed in an amount which nude the protein 
supply practically the same in the isso rations. The mineral needs v( 
the pigs of both lots were abundantly provided for by the 2' e perven: 
mineral mixture fed. The purpose of the alfalfa was ii> ensure aei.;: it 
any possible deficiency in the supply of vita.uiins. The resuas frs ot 
these three experiments are averaged and shown i.n lab.e 1 1 5. 

The ration which contained the linseed meal a.nJ rn-id.-aes i.i p-.;-- 
of half the skim milk proved more palarable a."-J il-e p.ei gu— :d s. ...e- 


■T'. a iicsuir,. u-1 i:;. i-i<- 

‘■O. atslcei. 1 . -M. fs-'.-s le-l VV. VI 


Ss.ss-. 1 - ti'-ir. v.r. Is i 
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Table 115. Skim Milk versus Skim Milk and Plant Supplement 
(Average 3 Experiments) 


Rations 

Initial 

Weight 

Daily Ration 

Daily 

Gains 

Feed Required 
jor 1 Cwt. Gain 


lb. 

Ib. 


lb. 

lb. 




Corn 

3.79 


Corn 

321 

Corn + skim milk 

52 

Skim miVk 

7.49 

1.18 

Skim milk 

635 



Alfalfa 

0.20 


Alfalfa 

17 



Minerals 

0.10 


Minerals 

8.7 



Corn 

3.71 


Corn 

294 



Skim milk 

4.01 


Skim milk 

318 

Corn + skim milk -1- 

52 

Plant sup. 

0.84 

1.26 

Plant sup. 

66 

plant supplement 


Alfalfa 

0.24 


Alfalfa 

19 



Minerals 

0.12 


Minerals 

9.8 


■what faster. On the dry-matter basis, the pigs in this lot consumed 
nearly 20 percent more feed daily than those getting skim milk as the 
only protein supplement. This was responsible for the difference in 
the rate of gain, although the gains did not differ as widely as the dif- 
ference in food consumption would suggest. The amount of corn and 
skim miik saved by the plant supplements fed was such as to give these 
feeds fair values. 

Adding alfalfa hay to a corn-milk ration. Results secured by Morri- 
son and associates of the Wisconsin Station,'® in three experiments in 
which pigs were fuli fed in the dry lot from a weight of 50 to 200 
pounds, suggest that the addition of chopped alfalfa hay to a ration of 
yellow corn and skim milk is advantageous. The average daily feed 
consumption and gains made in these trials are shown in Table 116. 


Table 116. Chopped Alfalfa Hay Added to a Yellow Corn-Skim-Mllk Ration 


Rations 

Initial 

Weight 

Daily Ration 

Daily 

Gains 

Feed Required 
jor 1 Cwt, Gain 


lb. 

Ib. 


lb. 

lb. 


Yellow corn + skira 


Corn 

3.67 

1.03 

Corn 

356 

milk 

50 

Skim milk 

6.92 


Skim milk 

672 

Yellow corn + skim 


Com 

3.95 


Corn 

356 

milk + chopped 


Skim milk 

7.37 

1.11 

Skim milk 

664 

alfalfa hay 

50 

Alfalfa hay 

0.21 


Alfalfa hay 

19 


The addition of this small amount of alfalfa seemed to have an 
appetizing effect, for the pigs on this ration ate nearly 7 percent more 
feed and gained at a rate of a little more than 7 percent faster than 

‘■F. B. Morrison. J. M. Fargo, and G. Bohstedt. Pmc., Am. Soc. An. Prod., 1929. 
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those on the straight corn-skim-milk ration. Although 19 pounds of al- 
falfa had the value of only 8 pounds of milk in these experiments, the 
feeding of fine-quality legume hay is strongly to be recommended in 
this situation, especially during the winter in the northern latitudes. 
When fed at the level of 5 to 1 0 percent of the dry ration, it will ensure 
more adequate supplies of vitamins A, D, and those belonging to the 
B-complex group. 

Skim milk and tankage compared for weanling pigs. The milk by- 
products are especially adapted to young pigs. At the Minnesota 
Station, Ferrin and associates compared skim milk and tankage for 
42-pound weanling pigs fed until they had doubled their weight. One 
group of 10 pigs was fed the ration of shelled com, self-fed, and Hour 
middlings and skim milk mixed and fed as a slop; the other com- 
parable group was given shelled corn, self-fed, and flour middlings 
and tankage, mixed and fed with water as a slop. 

Table 117. Skim Milk versus Tankage for Weanling Pigs 


Rations 

Initiat 

Weight 

Final 

Weight 

Daily 

Cain 

Feed HcqutrcU 
for J Cwt. Gain 


lb. 

lb. 

Ib. 

lb. 






Corn 

202 

Corn + flour mid- 




Flour mtd-s. 

.^3 

dlings skim milk 

42 

84 

0.936 

Slim mill 

432 





Corn 

307 

Corn + flour mid- 




Flour mid-». 


dlings + tankage 

42 

84 

0.7 IS 

Punlajic 

4') 


According to the results as shown in Table 177, the pigs getting the 
milk made the faster gains, although both lots did exceptionally well. 
A third group was fed the same tankage ration as gixen Lot -. and 
rape forage in addition. These pigs gained faster than iiio-»e reeeixing 
the same ration without the forage, but not as fast as those gettin-r 
milk. 
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tlie production of gains with growing and fattening pigs has been 
studied by Day of Ontario and Henry of the Wisconsin Station.** 
Day fed from VA to 6 pounds of whey with each pound of a meal 
mixture composed of small grains and wheat shorts. The average of 
seven trials gave an average of 744 pounds of whey as equivalent to 
100 pounds of meal. Henry fed from 2 to 10 parts of whey with each 
pound of a combination of equal parts of corn and shorts. The average 
of 10 trials showed 758 pounds of whey to have the value of 100 
pounds of meal. 

Studies by Morrison and associates of the Wisconsin Station *“ 
suggest that the protein of whey is of superior quality. They fed one 
group of well-grown shotes weighing from 125 to 150 pounds at the 
start barley, self-fed, and whey; on the average, 2.3 pounds of whey 
were consumed for each pound of barley. A comparable group of pigs 
was fed barley and tankage in a self-feeder. The results of two trials 
gave 558 pounds of whey the value of 100 pounds of barley in pro- 
ducing gains. Those getting whey gained 2.22 pounds daily and the 
tankage-fed pigs 1.64 pounds. Further studies by the same investi- 
gators indicated that for younger pigs the protein supplied in a ration 
made up of grain and whey should be increased by feeding with the 
whey some concentrated protein supplement. 

The best results in feeding whey can be obtained only when it is fed 
in mixed rations and along with other protein supplements. Under 
these conditions we may regard it as worth about one-half as much as 
skim milk or buttermilk. 

Cheese meal is superior to tankage. This meal represents the 
finely ground or powdered parings which are scraped off cheese pre- 
paratory to the manufacture of processed cheese. A considerable ton- 
nage of the by-product is produced annually. It is a protein-rich feed, 
very similar in composition to tankage, containing 60 percent of pro- 
tein and 7 percent of fat. 

Based on the results of three feeding trials with growing and fatten- 
ing pigs, Bohstedt and Fargo of the Wisconsin Station -“ report that 
when the cheese meal was substituted for tankage, pound for pound, 
in the standard ration containing in addition ground com, linseed 
meal, ground alfalfa hay, and iodized salt, it resulted in somewhat 
more efficient gains. When the cheese meal replaced one-half the 
tankage there was an improvement in the rate and economy of gains 

“W. A. Henry. An. Rpl., 1S9I. 

**F. B. Morrison, Bui. 319 and 323, 1920. 

**G. Bohstedt and J. M. Fargo, SuL 435, 1936. 
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experience of feeders in showing that sweet and sour skim milk are 
of eq^ual value when fed with com to growing and fattening pigs. In 
these experiments pigs on bluegrass pasture were fed from an average 
weight of 92 to 194 pounds. One lot in each trial was given shelled 
com and sweet skim milk fresh from the separator; the other lot was 
fed the same except that the mUk had been allowed to sour. The same 
proportion of milk was allowed in both lots, which was from two to 
three parts to one of com. The sweet and sour milk proved equally 
palatable, the feed consumption and rate of gain were practically 
identical in the two lots, and there was no difference in the amount of 
feed required to produce a unit of gain. Earlier studies by Cooke of 
the Vermont Station suggested that sour skim milk is slightly superior 
to sweet skim milk for young pigs. 

WHEY 

In general whey may be regarded as what is left of whole milk 
after most of the casein and fat have been removed in cheese making. 
What remains of the protein after the curd has been taken is mostly 
albumin, which constitutes about one-fifth of the protein of whole 
milk; the other four-fifths are in the casein. The amount of the fat 
of milk which remains in the whey varies according to the type of 
cheese made and the percentage of fat contained in the milk used, 
the average being about 0.36 percent. Swiss-cheese whey is highest in 
fat, American-cheese whey next, while the whey from the manufacture 
of cottage cheese is least, having practically none.'® 

This fat is now generally separated out before the whey leaves the 
factory by returning it through a whey separator, which has the effect, 
of course, of reducing the feed value of the whey. Day reports that 
ordinary whey was worth 25 percent more for pigs than whey that tad 
been separated. The calcium or lime content of whey is about one- 
third what it is in skim milk. 

Whey is more watery than skim milk or buttermilk and the dry 
matter which it contains is much less rich in protein. Its nutritive , 
ratio averages 1 to 6.8, while for buttermilk and skim milk it is 1 to 
1.5. As a result mainly of the difference in protein and calcium con- 
tent, whey is less effective in balancing the food deficiencies of the 
grains than is cither skim milk or buttermilk. 

The quantity of whey required to equal 1 pound of concentrates in 

‘•L. L. VanSlykc and C. A. Publow, The Science and Practice of Cheese ^{akins, 
Orange Judd Co., 1921. 

G. E. Day, Productive Swine Husbandry, J. B. Uppincotl Company, Philadelphia, 
1922. 
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llic produclioii of g.iins wiili growing and fattening pigs has been 
studied by Day of Ontario and Henry of the Wisconsin Station.’® 
Day fed from VA to 6 pounds of whey with caeli pound of a meal 
mi.xturc composed of simill grains and wheat shorts. The average of 
seven trials gave tin average of 744 pounds of whey as equivalent to 
100 pounds of meal. Henry fed from 2 to 10 parts of whey with each 
pound of a combination of equal parts of corn and shorts. The average 
of 10 trials showed 758 pounds of whey to have the value of 100 
pounds of meal. 

Studies by Morrison and associates of the Wisconsin Station 
suggest that the protein of whey is of superior quality. They fed one 
group of well-grown shotes weighing from 125 to 150 pounds at the 
start barley, self-fed, and whey; on the average, 2.3 pounds of whey 
were consumed for each pound of barley. A comparable group of pigs 
was fed barley and tankage in a self-feeder. The results of two trials 
gave 558 pounds of whey the value of 100 pounds of barley in pro- 
ducing gains. Those getting whey gained 2.22 pounds daily and the 
tankage-fed pigs 1.64 pounds. Further studies by the same investi- 
gators indicated that for younger pigs the protein supplied in a ration 
made up of grain and whey should be increased by feeding with the 
whey some concentrated protein supplement. 

The best results in feeding whey can be obtained only when it is fed 
in mixed rations and along with other protein supplements. Under 
these conditions we may regard it as worth about one-halt as much as 
skim milk or buttermilk. 

Cheese meal is superior <o tankage. This meal represents the 
finely ground or powdered parings which are scraped off cheese pre- 
paratory to the manufacture of processed cheese. A considerable ton- 
nage of the by-product is produced annually. It is a protein-rich feed, 
very similar in composition to tankage, containing 60 percent of pro- 
tein and 7 percent of fat. 

Based on the results of three feeding trials with growing and fatten- 
ing pigs, Bohstedt and Fargo of the Wisconsin Station report that 
when the cheese meal was substituted for tankage, pound for pound, 
in the standard ration containing in addition ground com, linseed 
meal, ground alfalfa hay, and iodized salt, it resulted in somewhat 
more efficient gains. When the cheese meal replaced one-half the 
tankage there was an improvement in the rate and economy of gains 


**W. A. Henry, An. Rpt., 1891. 

“F. B. Morrison. Bui. 319 and 323. 1920. 

*®G. Bohstedt and J. M. Fargo, Bui. 43S, 1936. 
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compared with tankage alone. The combination o£ equal parts cheese 
meal and tankage proved superior to either alone. 

Rules to observe in feeding milk products. When feeding any of the 
milk products, it is more important to observe the rules of good feed- 
ing practice than it is with most other feeds. Because of their great 
palatability, young pigs up to the weight of 65 pounds especially are 
prone to take more than they can digest when the supply is unlimited. 
The result is scours, which mean a setback in the gains, a loss of feed, 
and a serious weakening of the digestive powers if repeated. Exten- 
sion workers have reported that trouble from scours in skim-milk 
feeding could be great!/ reduced if, instead of feeding the milk and 
concentrates together as a slop, as commonly is the practice, the mUk 
is fed separately and the concentrates fed dry in the self-feeder.^^ It is 
important also that the feedings be at regular intervals, that the milk 
be nearly the same in age or degree of sourness from day to day, and 
that more than the usual attention be given to keeping troughs, pails, 
and cans in decent and clean condition. To make certain that the 
smaller pigs get their share of milk, extra trough space should be 
available. The use of sour, filthy feeding utensils, along with careless 
and irregular habits in feeding, may counteract entirely the benefits 
which we normally expect in the use of these superior feeds. 

The laws of most states now require that milk by-products be 
pasteurized before leaving the creamery or factory. This means usually 
the subjection of the milk to a temperature of 145°F for 30 minutes. 
This temperature in no way affects the availability of the calcium or 
phosphorus or any of the other food factors. Pasteurization is de- 
sirable, especially to guard against tuberculosis, which will develop in 
pigs fed unpasteurized milk coming from infected herds, although the 
disease rarely develops to the stage where detection in the live animal 
is possible. Federal inspection after slaughter may result in the con- 
demnation of the carcass in whole or part. In 1949, 5.57 percent of 
the carcasses of all hogs slaughtered in the United States were “re- 
tained” because of localized lesions due to tuberculosis, resulting in 
allectcd parts being condemned for human food. In 1941 the percent- 
age was 8.24. Only in 0.032 percent of the carcasses, however, was 
the disease so generalized as to necessitate the condemnation of the 
whole carcass.^^ 

*‘J. W. Schwab, Information to the author. 1934. 

**W. E. Krjuss, J. JJ. Erb, anJ K. G. Washburn, Ohio Exp, Sta.. Uul. 518, 193.1. 

**11. R. Smith, Sal. Li\c Slock Imss PreieiUioii Hoard, An. Upt., 1949, Data, 
U.S. DMsion of Meal Inspection. 
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An experiment conducted at the Iowa Station demonstrated con- 
clusively that pigs fed skim milk containing the germs of tuberculosis 
may in a relatively short time develop the disease sufficiently to neces- 
sitate condemnation of the carcasses for food. One lot of 40 pigs was 
fed skim milk, with grain, which had been inoculated with virulent 
bacilli of tuberculosis. Another similar group was fed the same infected 
milk in the same quantity, but after it had been pasteurized at a tem- 
perature of 200°F. At the end of the test period of 196 days both lots 
appeared equally healthy, although the group which received the 
pasteurized milk had gained a little faster. The postmortem inspection, 
however, gave the following results; Of the 40 pigs fed the tuber- 
culosis milk, all were affected with tuberculosis; of the 40 which re- 
ceived the pasteurized milk, only two were infected. In the tuberculosis 
group only two of the carcasses were fit for human consumption, 45 
percent were fit only for lard, and 25 percent were unfit for any food 
or food product. 

SEMISOLID AND DRIED BUTTERMILK 

Semisolid, or condensed, buttermilk, as the name implies, is butter- 
milk that has had its water content reduced by evaporation until the 
, solids are about three times what they were in the buttermilk. Fluid 
buttermilk has about 9 percent of solids and 91 percent of water; 
semisolid or condensed buttermilk has 25 to 33 percent solids and 
67 to 75 percent water. Adding two parts of water to one part of the 
semisolid product dilutes it to the same concentration as fluid butter- 
milk. Dried or powdered buttermilk is the product obtained by 
evaporating buttermilk to a concentration of 10 to 1 ; that is, it con- 
tains 10 times as much solids as buttermilk, running 90 to 95 percent 
of solids and 5 to 10 percent of water. Unlike dried skim milk, prac- 
tically all the semisolid and dried buttermilk manufactured in thts 
country is used in livestock feeding. 
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as is known, the effect o£ the lactic acid on digestion is beneficial 
rather than harmful. To guard against deterioration after the can has 
been opened, the exposed surface should be kept covered with about 
1 inch of water. Due to its low water content and acidity, dried but- 
termilk will keep almost indefinitely under good storage conditions. 

Semisolid and fluid buttermilk compared. From what has been said 
of the composition of the condensed buttermilk products, we have 
every reason to believe that their feeding value, on the dry-matter 
basis, would be practically the same as that of buttermilk. We will 
consider now briefly what the results of experimental feeding tests 
show. Ferrin and McCarty of the Minnesota Station have made 
two such trials in each of which four lots of 10 pigs were fed from a 
weight of 75 to 175 pounds under pasture conditions. Each lot was 
fed shelled com and red dog flour and either tankage, fresh creamery 
buttermilk, semisolid buttermilk, or dried buttermilk, in addition. The 
results, which were consistent in the two trials, are averaged and 
shown in Table 118. 


Table 118. Semisolid and Dried Buttermilk versus Buttermilk and Tankage 
(Average 2 Experiments} 


Rations 

Initial 

iVeight 

Daily 

Cain 

Feed Required for 
I Cwt. Gain 



lb. 

Ib. 

lb. 


Corn + red dog flour + 



Corn 

273 

taiiksge 

75 

2,12 

Red dog 

74 




Tankage 

23 

Corn -f red dog flour -f- 



Corn 

248 

buttermilk 

75 

1.21 

Red dog 

68 




Buttermilk 

382 

Corn + red dog flour + 



Corn 

240 

semisolid buttermilk 

75 

1.21 

Red dog 

67 




Semisolid buttermilk 

108 

Com + red dog flour + 



Corn 

247 

dried buttermilk 

75 

1.21 

Red dog 

68 




Dried buttermilk 

34 


On the rations balanced with the milk products the rate of gain for 
the three lots was tlie same. In economy of gains, the results showed 
1 pound of semisolid buttermilk to be equivalent to 3V4 pounds of 
creamery buttermilk in producing a given gain; and 1 pound of dried 
buttermilk to be equal to 10.3 pounds of creamery buttermilk. At the 

“E. F. Ferrin and M. A. McCarty, MJmeo. H-18, 3924. 
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prices current at the time, however, the actual money cost of the 
gains was higher for the semisolid and dried buttermilk rations than 
for either the creamery buttermilk or tankage rations. Based on these 
results, which conform closely to expectation based on their actual 
food content, it would appear that the price of these products must 
come down considerably before their use in pig feeding will become 
general. 

An experiment by Kuhiman and Wilson of the South Dakota Sta- 
tion also demonstrated that these two feeds are efficient, but not 
worth the price usually charged when the more commonly used sup- 
plements are available. In these tests a pound of semisolid buttermilk- 
had the value of 3.2 pounds of creamery buttermilk; and a pound of 
dried buttermilk the value approximately of 6 pounds of buttermilk. 
One of their comparisons suggested that semisolid buttermilk might 
be profitably used as a partial supplement with tankage. 

Semisolid buttermilk and tankage compared. Vestal of the Indiana 
Station compared semisolid buttermilk with tankage and fresh 
creamery buttermilk in two experiments. The results both in rale and 
cost of gain were in favor of the tankage and fresh buttermilk rations. 

In two trials at the Kansas Station by McCampbell, Fcrrin, and 
Winchester, semisolid buttermilk did not produce as economical gains 
as tankage. In three experiments at the Nebraska Station, Gramlich 
and Jenkins compared semisolid buttermilk with tankage for fatten- 
ing fairly well-grown pigs. Although the pigs which received the .semi- 
solid buttermilk gained faster, the feed requirement and money cost 
of the gains were considerably greater than with the tankage ration. 
These results coincided closely with those obtained by Grimes and 
associates at the Pennsylvania Station, and those of Weaver at the 
Missouri Station when the pigs had access to rape pasture. 

In all, 10 comparisons have been made here of semisolid butter- 
milk and tankage, four in the do’ lot and six on rape forage. In 7 out of 
the 10 trials the pigs receiving the semisolid buttermilk gained faster. 

On the other handrihc cost of a unit of gain in money uas less m all 
cases with the tankage rations. On the average, in these erperi.meiits 
1 pound of tankage had the value of 3.17 pounds 0 / se.'iusol.d butter- 
milk. 
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Dried buttermilk compared with tankage. Dried , buttermilk was 
compared with tankage as a supplement to milo chop and shorts for 
fall pigs by Williams and Warren of the Texas Station.^^ The tankage 
contained 63 percent of protein and the dried buttermilk 33 percent. 
The amount of supplement fed in each lot was such as to make the 
protein content of the two rations the same. Although the lot which 
received the dried buttermilk made their gains on less feed, the cost 
of the gains in dollars and cents was considerably greater. The authors 
stated that considerable care was necessary In getting the pigs accus- 
tomed to this feed without scouring them. 

At the Iowa Station Eward and Dunn self-fed 11 pairs of spring 
pigs shelled com supplemented with tankage and buttermilk powder 
(dried buttermilk) . The tankage was high-grade and the dried butter- 
milk analyzed 30 percent of protein. The com was self-fed in one 
compartment of the feeder and the mixture of tankage and dried but- 
termilk in a second compartment. One pair was self-fed tankage alone, 
a second pair a mixture of 90 percent tankage and 10 percent dried 
buttermilk. The remaining pairs were given increasing percentages of 
dried buttermilk. The pigs were confined to the dry lot and each pair 
fed from the average beginning weight of 50 pounds to a final weight 
of 225 pounds. Block salt was accessible to all lots. 

As the proportion of dried buttermilk to tankage was increased 
there was a tendency for the rate of gain slightly to increase, espe- 
cially up to the point where it constituted one-half the combination. 
The tankage proved more palatable than the dried buttermilk. Based 
on the amount of feed required to produce a given gain, 100 pounds 
of the dried buttermilk had the value of 76 to 85 pounds of tankage, 
depending on the base used in the calculations. 

Similar results were obtained by Ferrin of the Minnesota Station 
in an experiment conducted in the winter of 1944 to 1945. He fed 
72-pound pigs to weights of about 210 pounds on three types of pro- 
tein supplements, self-fed, in addition to com and minerals, composed 
as follows; 

Lot / — ^Tankage 35 percent, soybean oil meal 35 percent, and 
alfalfa leaf meal 30 percent. 

Lot U — Dried buttermilk 35 percent, soybean oil meal 35 percent, 
and alfalfa leaf meal 30 percent. 

”D. W. Williams and G. R. Warren, Bui. 305, 1923. 

»J. Nf. Hvvard and R. Dunn, Afimeo. Rpt. 1918. 

*‘E. F. Ferrin, Mimeo. H*90, 1946. 
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Lot III — Dried buttermilk 20 percent, tankage 25 percent, soy- 
bean oil meal 25 percent, and alfalfa leaf meal 30 percent. 

The average daily gains for the pigs in the three lots were, respec- 
tively, 1.60, 1.67, and 1.65 pounds. The total feed consumed for each 
100 pounds of gain was respectively 377, 373, and 366 pounds. 
Considering feed prices, the author concluded that the cost of gains 
was raised when 20 percent or more of dried buttermilk was fed in 
the protein mixture. 

Since dried buttermilk contains but little more than one-half as 
much protein as high-grade tankage, the results of all these experi- 
ments suggest a high supplementing efficiency for this milk product. 

Powdered skim milk and tankage compared. Smith and Maynard 
of the Utah Station compared these two supplements when fed to 
pigs from a weight of 45 to near 200 pounds on alfalfa pasture. The 
skim-milk powder analyzed 38 percent protein and 50 percent sugar; 
the tankage 60 percent protein. These supplements were self-fed, 
free-choice, with either ground barley or ground wheat, self-fed, and 
salt. The results, together with those for one lot of pigs which received 
no protein concentrate, are summarized in Table 119. 


Tabic 119. Powdered Skim Milk versus Taukage for Pigs on Alfaifa Pasture 
(Average 6 Experiments) 


Rations 

Initial 

Weight 

per 

Fig 

centrotes 
Con- 
sumed 
Dady per 
Pig 

Dady 

Gain 

per 

Pig 

Concentrates Re- 
itiiired Lac h 
/ Cur. Cam 


Ib. 

Ib. 

lb. 

Ib 


Gr. wheat or barley -f- 




Cram 


salt 

45 

5.02 

1.27 

Salt 






Total 

4Z 

Gr. Viheat or barley + 




Crain 

316 

skim milk powder + 




Skim milk 



45 

5.20 

1.41 

po ^ tier 






Sait 

• 7 27 





futal 


Gr. wheal or barley -f- 




Orai.n 


tankage -f- salt 

45 



S-ii: 

Isfai 

1. H 


“II. II. S.-.J L J li-r e<i. :>>< 
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When fed either with the wheat or barley, the pigs which received 
skim-milk powder gained slightly faster than those fed the tankage 
and made 100 pounds of gain on considerably less feed. Because of 
the price of the dried milk and the amount of it consumed, however, 
the money cost of the gains was less for the tankage ration. 

The same investigators in one winter experiment compared skim- 
milk powder alone with a supplement composed of equal parts skim- 
milk powder and tankage, and one of tankage alone for 45-pound 
pigs fed to market weight. The other components of the ration were 
ground wheat, self-fed, free-choice, alfalfa hay, and salt. The supple- 
ments were self-fed, free-choice. The two lots fed the skim-milk 
powder alone or the combination of skim-milk powder and tankage 
made faster gains than those which received tankage alone as the sup- 
plement by the difference between 1.45 and 1.25 pounds daily per pig. 
The cost of the gains, however, was less in the lot fed tankage alone 
than in either of the other two. 

Hughes and Ittner of the California Station secured better results 
from reconstituted skim milk, made by adding water to the skim-milk 
powder in an amount to equal that contained in fluid skim milk, than 
from the same product fed dry. Also, they concluded that skim-milk 
powder produced by the spray method of drying seemed slightly 
superior to that dried by the roller or drum process. 

Conclusions. The results of these feeding tests indicate that the 
soiids contained in the concentrated miik products have suffered no 
iess in food efficiency as a result of the manufacturing processes which 
produced them. One pound of semisolid buttermilk was shown to be 
equal to 3 to 3.5 pounds of fluid buttermilk; in other words, their 
values are about in proportion to the amount of solids contained. In 
the 10 trials in which semisolid buttermilk and high-grade tankage 
were compared, 3.17 pounds of the former were shown to have the 
value of 1 pound of the latter. Although the conclusion is clear that 
these milk products are splendid feeds, it is equally evident that the 
practical feeder cannot afford to feed them until their prices are re- 
duced more nearly to the level of that of the other supplements. 

SOME TYPES OF RATIONS CONTAINING MILK BY-PRODUCTS 

For fall pigs during the winter. 1. Corn or other grain, self-fed, 
q- tankage or other high-grade supplement, self-fed, until the pigs 

“ Ibid. 

” E. H. Hughes and N. R. Inner, Bui. 661, 1942. 
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have reached a weight of 75 pounds -f 2 to 4 quarts of skim milk or 
buttermilk daily while they are getting tankage and nearly all they 
will take thereafter if available + green alfalfa meal fed mixed with 
the tankage in the ratio of 2 to 1 in the self-feeder or mixed with 
the other concentrates in an amount to make it 10 percent of the dry 
ration. Although the mineral requirements are fairly well taken care 
of by this ration, a better balanced supply of the elements needed will 
be ensured by self-feeding a mixture, such as equal parts of limestone 
dust, special steamed bone meal, and common salt, by weight. 

2. When the supply of milk is limited or the price relatively high, 
feed the same as Ration 1, but continue to feed the tankage or other 
dry protein supplement, which was fed while the pigs were below 75 
pounds in weight, for the entire time. 

3. When one part of semisolid buttermilk has added to it 2 to 
2!4 parts of water, it is reduced to the same concentration as good 
buttermilk or skim milk. When thus diluted it may be substituted for 
skim milk or buttermilk, pound for pound, when available at reason- 
able prices. Because of its tendency to cause scours when fed liberally, 
great care should be taken to accustom the pigs to it gradually In the 
beginning. To avoid this trouble some feeders recommend greater 
dilution than 1 to 2 parts water. It is perhaps most elicctively used 
when fed as a partial supplement along with another protein feed. 

For full-fed spring pigs on forage. Pigs on good forage ordinarily 
should not be fed much more than one-half the amount of milk which 


would be appropriate in dry-lot feeding. When the supply is limited 
below this amount, maximum gains will be ensured by feeding in addi- 
tion a dry protein supplement in the self-feeder. For limited-fed pigs 
on good forage, no supplement is necessary (see Chapter X, page 
285). 


For pregnant sows during the winter. For mature sows, feed corn 
or other grains in an amount to secure a gain appro.rimalely of 75 to 
100 pounds during the winter, which will be I to I'/e pounds of dry 
feed daily for each hundredweight of son-, -f 2 to 4 quarts of imli 
daily -f fine-quality green legume hay in a rack, or fed as a n;eal 
mixed with the concentrates in an amount to make il about 10 to 15 


percent of the grain mi.xiure -r a suitable mineral mixture sei.-ted 
during the last half of the gesuiion period. For \oung so..s earr;.!;;^ 
their first litters, the desirable growth and gai.n in weight te 
secured by feeding from I^i to 2 pounds of eoneentrat.-. da.;,. Ur 
each hundredss eight -F I gallon slim milk or boiterm— 1 da-,.. Iba 
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unlimited feeding of milk is not advisable; not only is it wasteful of 
feed and unnecessary, but is likely to result in soft overdeveloped pigs, 
which lack the vigor necessary to their survival at birth (see Chapter 
lU, page 62). 

For sows nursing pigs. Skim milk and buttermilk have special value 
when fed judiciously to sows in milk. Do not give the sow much milk 
until her pigs are two to three weeks old. After she has been brought 
up to full feed, increase gradually the amount of milk until she is re- 
ceiving 1 to IVi gallons daily. With no other protein supplement in 
the ration, she may be fed 2 gallons a day (see Chapter IV, page 99). 

For the boars. Skim milk and buttermilk are especially valuable 
for boars during the breeding season. As much as V/z gallons a day 
will not be excessive. Best results will be obtained, however, when it 
is fed in conjunction with a mixed ration, such as 35 percent ground 
com, 30 percent ground or rolled oats, 30 percent wheat middlings, 
and 5 percent tankage, with 1 to IVz gallons of milk daily. For year- 
ling and mature boars not in service, 1 gallon of milk daily will supply 
sufBcient protein when fed in a mixed grain ration (see Chapter II, 
page 28). 
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Protein Supplements — Packing 
House and Similar Products 


Among the useful by-products of the slaughtering and meat-pack- 
ing industry which science and ingenuity have made available arc 
those which include the animal feeds. What once was waste to be dis- 
posed of as sewage later became a fertilizer, and then a feed. The big 
packers seriously started selling tankage and other animal feeds about 
1900, Since then these feeds have passed successfully through the 
early experimental stages of manufacture and use, and now arc gen- 
erally recognized by hogmen as among the most valuable supple- 
ments available to the feeder, rich in those constituents especially 
needed to balance the deficiencies of corn and other home-grown 
grains. 

TANKAGE; MEAT SCn.VPS 

Tankage is composed mainly of the residues of the lard, tallow, and 
grease tanks, plus varying amounts of blood and evaporated tank 
water or “stick.” These residues consist not only of the scrap from 
the lard-rendering tanks, but include also what is left after the fat 
and grease have been removed from various inedible animal tissues. 
These include scraps of meat and bone, portions of some of the vital 
organs, cleaned viscera, carcasses which have failed to pass govern- 
ment inspection, and portions of animals which have died at the >afd» 
or in transit, not including the hide, horns, hoofs, or stomach contents. 

Methods of manufacture. In the old, or wet-rendering, prixc.s ihn 
material is cooked in live steam u.nder a pressure of 20 to 60 p-undt 
to the square inch for a period usually of about hours.* * h:s i» 
cient to thoroughly disintegrate the nuteriaJ, to remove if t.^e 
fat, and to render the product strictly sterile. After the f^t feen 
drawn otf and most of the water removed, the contents are iLb,.-u.-u 

*H. R. Kra%biII. Poutio Seica.tf. VoL Mil. Nj- I. 

Slj 
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hydraulic pressure and then dried, finely ground, and screened. This is 
wet-rendered tankage and will analyze 33 to 42 percent of protein. 
Instead of selling this “mine-run tankage” as such, however, the usual 
practice in the large plants is to build up the protein content to about 
60 percent by the addition of commercial tank water, called stick, or 
blood, or both.= Most of the tankage manufactured by the smaller 
plants is not built up and hence contains only 35 to 40 percent of 
protein. 

In the new or dry-rendering process the material is heated in steam- 
jacketed horizontal tanks for 3 to 8 hours. No water is added and the 
material is continually stirred by a mechanical agitator. The steam 
produced from its own moisture is allowed to escape through the vents 
when it reaches a certain pressure. After the fat and grease have been 
drawn off, the residue is passed through an expeller to remove the 
fat more completely. The material as it comes from the expeller is 
called cracklings. After grinding and screening the product is known 
as meat scraps, or meat and bone scraps, depending on the amount of 
bone present.® Meat scraps are strictly a dry-rendered product and 
will generally analyze 50 to 55 percent of protein; meat and bone 
scraps will average about 50 percent protein. Some plants, however, 
produce a 60 to 65 percent grade of meat scraps by using only the 
better quality raw materials in its manufacture. Supermeat scraps, run- 
ning up to 75 percent of protein, are produced when the cracklings are 
composed largely of degreased fatty tissues.* 

Kraybill reports that the dry-rendering process is used by packers 
mainly for the cattle and sheep by-products, by some dead animal- 
rendering plants, and by most city melters. Since the fat obtained is 
of better quality, the odors produced less objectionable, the loss of 
ammonia less, and the cost mote economical, the process is increas- 
ingly used in handling the inedible products. Owing to Board of Trade 
regulations, however, packers feel that they must continue to use the 
wet-rendering method in the production of prime steam lard. 

That the dry-rendering process is replacing the old wet-rendering 
method as rapidly as new machinery is added is indicated by the 
results of Vestal’s study.® On the basis of the type of rendering used 

* Paul I. Aldrich, The Packers Encyclopedia Blue Book, National Provisioner Pub. 
Co., Chicago, 1922. 

* H. R. Kraybill, Poultry Science, Vol. VIII, No. 1, Nov., 1928. 

♦P. B. Curtis, S. M. Hauge, and H. R. Kraybill, Jour, of Nut., Vol. V, No. 5, 
Sept., 1932. 

*C. M. Vestal, An. Rpt,, Proc. Am. Soc. An. Prod., Jan., 1930. 
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for inedible residues, the 140 packing plants questioned were classi- 
fied as follows: 59 plants used the wet-rendeiing meihod only, 50 used 
the dry-rendering method only, 23 plants were changing from the wet- 
to the dry-rendering method, and 8 plants were using both the wet- 
and dry-rcndcring process. 

Definidons. Tliere is still considerable confusion relative to the 
meaning of the brand names used to designate the several kinds of 
tankages and other meat by-products. In the interests of uniformity, 
for a better understanding on the part of the feeder, and to serve as a 
guide to the manufacturer in labeling his product, the Association of 
American Feed Control Officials have promulgated the definitions as 
given below.® 

DIGESTER TANKAGE, MEAT MEAL TANKAGE, Or FEEDING TANKAGE 
is the finely ground, dried residue from animal tissues exclusive of 
hairs, hoof, horn, manure, and stomach contents, except in such traces 
as might occur unavoidably in good factory practice, especially pre- 
pared for feeding purposes by tanking under live steam, or by dry- 
rendering, or a mixture of the products. When these products con- 
tain more than 4.4 percent of phosphorus, they must be designated 
“Digester Tankage with Bone,” “Meat and Bone Meal Digester Tank- 
age,” “Meat and Bone Meal Tankage,” or “Feeding Tankage with 
Bone.” If the product bears a name descriptive of its kind, composi- 
tion, or origin, it must correspond thereto. It must be designated and 


sold according to its protein content. 

• MEAT MEAL or MEAT SCRAP is the finely ground, dry-rendered resi- 
due from animal tissue exclusive of hair, hoof, horn, blood, manure 
and stomach contents, except in such traces as might occur unavoid- 
ably in good factory practice. When these products conta.n more 
than 4.4 percent of phosphorus (P), they shall be designated either 
“Meat and Bone Meal” or “Meat and Bone Scrap. If the product 
bears a name descriptive of its kind, composition or ong.n, it must 
correspond thereto. It must be designated and sold according to its 

protein content. , , i -.u... 

Tankage, therefore, may consist of the products produced mthrr 
by the wet- or dry-rendering process, or both. ,o «h.ch blood o 
stick may be added. Meat scrap, on the other 
only of tL dry-rendered residues to which no snei or blood nu> bo 

added. 

BLOOD MEAL IS ground dried blood. 


•Ind. Enp. Sta.. Cir. 351. Apr.. 19i9. 
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BLOOD FLOUR is dried blood, prepared by special processes and 
reduced to fine powder. 

ANIMAL LIVER MEAL Is the product obtained by drying and grind- 
ing liver from slaughtered mammals. This product must contain at 
least 27 milligrams of riboflavin per pound. 

EXTRACTED ANIMAL LIVER MEAL is the product obtained by drying 
and grinding the residue of animal liver tissue from which a large por- 
tion of the vitamins and/or minerals have been removed. 

RAW BONE MEAL is the dried ground product suitable for animal 
feeding, obtained by cooking undecomposed bone in water at atmos- 
pheric pressure just enough to remove excess fat and meat. It shall 
contain not less than 2-3 percent of protein. 

STEAMED BONE MEAL is the dried, ground product suitable for ani- 
mal feeding, obtained by cooking bones with steam under pressure. 

SPECIAL STEAMED BONE MEAL is the dried, ground product suitable 
for animal feeding, obtained by cooking dried bones, after the removal 
of grease and meat fiber, with steam under pressure in the process of 
obtaining gelatine or glue. 

BONE CHARCOAL Or DONE BLACK is the product Obtained by char- 
ring bones in closed retorts. It shall contain not less than 14.7 percent 
of phosphorus. 

SPENT BONE BLACK is the product resulting from the repeated char- 
ring of bone charcoal or bone black after use in clarifying sugar solu- 
tions. It shall contain not less than 11.5 percent of phosphorus. 

BONE ASH is the ash obtained by burning bones with free access lo 
air and containing 15.3 to 16.6 percent of phosphorus. 

Production of tankage and meat scraps. Official estimates by statis- 
ticians of the U.S. Department of Agriculture place the average quan- 
tity of these packing house by-products annually available from 1937 
to 1947, inclusive, at 781,000 tons.i During this 11-year period the 
production varied from a low in 1937 of 608,000 tons to a high in 
1943 of 975,000 tons. According to the Bureau of Agricultural Eco- 
nomics of the U.S. Department of Agriculture approximately 77 per- 
cent of these by-products in 1949 were dry-rendered meat scraps, and 
23 percent wet-rendered tankage. Dry-rendering and the consequent 
production of meat scraps has to a large extent superseded the old wet- 
rendering process because it is a more elBcicnt operation.® 


* Agr. Slalisitcs, U.S.D.A., 1948. 

■O. IL M. Wilder. American Irtcat Institale Foundarion, University of Chicago, 
Paper presented at Meeting of Institute of Food Technologists. May 24. 1950. 
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Composition of meat and marine by-products. As shown in T.ib.'e 
120 the meat and fish by-products arc particular)) rich sources of 
proteins and minerals. Compared with the protein fccd.s ot pl.int 
origin, they contain much higher percentages of calcium and phos- 
phorus, as well as of common salt. The high calcium conlent ni.ilcs 
them especially valuable as supplements to the griiuis and wlun ted 
in combinations with supplements of plant origin. The anim.il and IkIi 
supplements also are less deficient in the better known watcr-Mduhtc 
B vitamins, and are excellent sources of BI2 and the other vitamui', 
associated with the animal protein factor (APF). 

Tabic 120. Composilion of Meat and Marine Il>-produclc ’ 
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method. This tankage is often referred to as “dead-animal” tankage or 
“reduction” tankage. Vestal reported that there were 130 such plants 
in Indiana in 1930. The third grade, which analyzes from 35 to 50 
percent protein, is the ordinary tankage, usually produced by the wet- 
rendering method, which has not had its protein content built up by 
the addition of any stick or blood. This is the kind usually produced 
by the smaller packers and is often referred to as “special” feeding 
tankage. Because of its high bone content it is often officially desig- 
nated as “digester tankage with bone,” “meat- and bone-meal digester 
tankage,” or “feeding tankage with bone.” 

Vestal of the Indiana Station made a rather thorough study of 
these three grades of tankages. In each of three summers three lots of 
10 pigs each were hand-fed a combination of ground corn and tankage 
on legume pasture. One lot was fed the high-grade, or Number 1, 
tankage in the ratio of 1 part of tankage to 12 parts of com; the sec- 
ond lot received the 50 percent grade reduction tankage in the ratio 
of 1 part to 9Vi parts of corn, while the third lot received 1 part of 
the “special” tankage to 8 parts of com. The summarized results of 
these trials are shown in the upper division of Table 121. The pigs 
averaged 65 pounds in weight when the experiments began and were 
fed in each case to market weight. 

In the lower division of the table are given the averaged results 
from four years’ experiments with the same feeds fed under exactly 
the same conditions except that the com and tankage were fed sepa- 
rately in a self-feeder, free-choice style. 

As one would expect, when com and tankage was fed to pigs on 
good legume pasture, excellent gains were made in all lots in these 
trials. On the basis of actual composition and prices paid, the two 
lower grades of tankage used were cheaper in costs; that is, the cost 
of a pound of protein was considerably less than in the Number 1 
tankage. In other words, there was a greater spread in the prices than 
was justilied by the actual feeding results or the differences in protein 
content. 

A safe but rough general rule in deciding which of two grades of 
tankage is cheaper at given quoted prices is to rank them according to 
the cost of a pound of protein, after giving to each due credit for the 
fat they contain, valued at the price of its food equivalent in com or 
other grain. It is important to consider this ditlcrcncc in fat content 
because the higher the protein content, the lower will be the fat con- 

‘•C. M. Vestal, A. H. Mvmco. Rpts., 1926, 1927, 1930. 
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Tabic 121. Different Grades of Tankages Compared for 
Pigs on Legume Forage 
(Average 3 and 4 Experiments) 


Rations 


Daily Ration 


Daily 

Gain 


Feed Required 
for 1 Cwt. Gain 


Ground corn 12 + regular 
tankage (62Co) I, mixed 
and self-fed 

Ground corn 9Vi + reduc- 
tion tankage (50%) I, 
mixed and self-fed 

Ground corn 8 + special 
tankage (42%) 1, mixed 
and self-fed 

Shelled corn; regular tankage 
(63%), self-fed, free- 
choice 

Shelled corn; reduction tank- 
age (53%), self-fed, free- 
choice 

Shelled corn; special tankage 
(40%), self-fed, free- 
choice 


lb. 


lb. 

lb. 





Corn 

341 

Corn 

5.73 


Reg. 


Tankage 

0.47 

1.680 

tankage 

28 


5.72 


Corn 

330 

Red. 



Red. 


tankage 

0.62 

1.733 

tankage 

36 


5.64 


Corn 

337 

Sp. tankage 

0.70 

1.673 

Sp. tankage 

42 



Corn 

341 


5.59 


Reg. 

23 

Tankage 

0.38 

1.640 

tankage 


5.51 


Corn 

330 




Red. 


tankage 

0.38 

1.669 

tankage 

23 

Corn 

Sd. tankage 

5.22 

0.31 

1.562 

Corn 

Sp. tankage 

334 

20 


tent. The Number 1 tankage used in the 

on the average 8 5 percent of fat, while the special tankage wi h 40 
perce^of protein contained 15.5 percent. This ^ 
grade prodL has food value and obviously d be credited The 
^ . 1 . j ^roiiiinfF this IS to compute It accoruini, lo 

most accurate method of ‘ in com, which it 

the price of its food, or carbohyu , 4 

actually replaces in the ration ; of a pound of 

This method assumes that fhe same. As a matter 

protein in the high- and low-gra = proteins of the lower 

of fact, there is good evi^lencesug^sung^^^^^^ 

grade tankages have grades, which hate been built 

corn than do the Pr°‘/‘"® j shown rather dearly by Cuiiii 
up by the addition of f J'' ;on ■■ in feeding e.iperimenb. with 
and associates of the ^ ,i uor, composed as it is seiy 

rats. The stick, or concentrated Ian q specially de- 

largely of hot-water-soIublc j csstine, ihe two paruealar 

ficient in the amino acids to'ptophanc and cyst 

Krs,bUl./as,.../ 


”P. B. Cunis, S. M. Hause. ^ 

1932, 
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proteins especially needed to balance com. It would appear, therefore, 
that a small further credit is due to the lower grade tankages because 
of a slight superiority in the quality of their proteins. 

The lower the grade of tankage, the higher also is its mineral or 
bone content, as a rule. No particular credit is due to this extra bone, 
however, because it is in excess of the amount needed to meet the 
demands of the pig. In other words, the high-grade tankages, con- 
taining 60 percent or more of protein, usually contain sufficient bone 
to ensure an adequate supply of calcium when fed in the amount 
necessary to balance the grain in protein. 

Meat and bone scraps compared with tankage. In Table 122 are 
summarized the results of seven experiments in which standard tank- 
age was compared with meat and bone scraps for spring pigs on 
forage. The tankage was the high-grade variety which had had its 
protein content built up by the addition of stick, or stick and blood. 
That actually used in the trials analyzed 61 percent of protein. The 
meat and bone scraps used were the usual strictly dry-rendered prod- 
uct and without the addition of any stick or blood and averaged 51 
percent of protein (see page 165). There was very little variation in 


Table 122. Tankage versus Meat and Bone Scraps for Pigs on Legume Forage 
(Average 7 Experiments) 


Rations 

Daily Ration 

Daily 

Gain 

Feed Required 
for 1 Cyvt. Gain 

Corn 4- tankage (61%) 

lb. 

Com 

5.31 

lb. 

Ib. 

Corn 

316 


Tankage 

0.42 

1.681 

Tankage 

25 

Corn 4- meat and bone 

Total 

Corn 

5.73 

5.22 


Total 

Corn 

341 

311 

scraps (51%) 

Meat and 
bone 
scraps 

0.44 

1.680 

Meat and 
bone 
scraps 

26 


Total 

5.66 


Total 

337 


the quality of either feed in the different trials. In all excepting the 
Minnesota trial, the two feeds were purchased at the same price a ton. 
Six of the experiments were run at the Indiana Station and one at 
the Minnesota Station.'^ The pigs averaged 68 pounds when the tests 
began and around 200 pounds at the finish. In two of the trials the 

“C.M. Vestal, A. H. Mimeo. Rpts.. 1929. 1930, 1931, and 1932. 

"E.F. Ferrin, Mimeo. H-iS. OcL, 1933. 
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corn and supplement were self-fed, free-choice, in four these feeds 
were combined in definite proportions and self-fed, and in one they 
were mixed and hand-fed according to appetite. The pigs were on 
alfalfa in five of the trials, on clover in one, and on rape in one. 

In none of the individual experiments summarized in the table was 
there a difference either in the rate or cost of gains sufficient to be 
considered important. The average rate of gain was practically iden- 
tical. In efficiency, a pound of the meat and bone scraps was clearly 
equal to a pound of the tankage despite the fact that there was sup- 
plied in each 100 pounds of the former 10 pounds less of protein. This 
may be taken as evidence that the protein contained in meat and bone 
scraps had a somewhat higher supplementing efficiency. 

Vestal also compared Number 1 tankage, analyzing 60 percent of 
protein, with meat and bone scraps, analyzing 51 percent, under dry- 
lot conditions in two trials. The supplements were fed free-choice style 
and the experiments covered the period from the beginning weight 
of 72 pounds to a* market weight approximately of 200 pounds. Al- 
though the tankage was nearly 10 percent richer in protein, slightly 
more of this supplement in proportion to com was consumed than of 
the meat and bone scraps, the ratio being 1 part of meat and bone 
scraps to 7.7 parts of corn in the tankage ration and 1 part of meat and 
bone scraps to 8.15 parts of corn in the latter ration. 

The average daily gains were 1.72 pounds on the tankage ration 
and 1.82 on the meat- and bone-scraps ration. The amount of feed 
required for each 100 pounds of gain, however, was slightly less for 
the lots receiving tankage, the averages being 350 and pounds 
respectively. We should conclude from these trials also that I pound 
of the meat and bone scraps was practically equal in value to I pound 


of Number 1 tankage. , , , . 

In two trials at the Ohio Station Robison ■* compared dry-rendered 
tankage (meat scraps) containing 60 percent of protein wall ‘ 
or wetrendered tankage under dry-lot conditions, n 'n'len -r 

the dry-rendered product proved slightly niore \a ua e, - . 
were faster and the feed consumed for a unit of e.mi was son.e.U.at 


"" Dry- and wcl-rcndcred tankage compared. Joliiuon of the 
sota Station >= made nine feeding tests in 
the relative feeding value of "ot- an O 



'*W. U Robm>n. Spl. Cirv. 

**D. \V. Mimco. t --- 
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fed in the dry lot. In trials to determine the palatability of the two 
feeds, he found that nursing pigs, 50-pound pigs, and 100-pound pigs 
all showed a decided preference for the dry-rendered tankage. In 
other tests in which equal amounts of the two supplements were fed, 
faster growth was secured with the dry-rendered product. On the 
whole he concluded: “The differences in palatability and quality of 
the proteins are undoubtedly both responsible for the decidedly greater 
feeding value of dry-rendered tankage as was shown by each of four 
separate feeding tests involving four different purchases of each 
tankage.” 

In four trials dry-rendered tankage and meat and bone scraps were 
compared for growing pigs in the dry lot, both supplements self-fed, 
free-choice. Although there was little if any differenee in palatability, 
the dry-rendered tankage in all cases showed a higher feeding value 
than the meat and bone scraps. 

Improving a ration of corn and tankage. In Table 123 are sum- 
marized the results of six dry-lot feeding trials with growing and fat- 
tening pigs showing the effect of replacing part of the tankage in a 
com-tankage ration with skim milk. Three of the experiments were 
run at the South Dakota Station w and three at the Ohio Station.^^ 
Each trial covered the growing and finishing period from a beginning 
weight of about 50 pounds to a final weight of 200 pounds. 

The results as averaged in the table were consistently shown in the 
individual experiments. The faster rate of gain made by the pigs 
which received the skim milk in addition to the tankage was due 
mainly to the greater palatability of the ration and the larger feed 
consumption. Part of it, however, must have been the result of superior 
supplementing efficiency; for the feed consumption of the skim milk 

Table 123. Addiog Sbini Milk to a Com-Tankage Katioa 
(Average 6 Experiments) 


Daily Feed Daily Feed Required 
Rations Consumption Gain for 1 Cwt. Gain 



lb. 


Ib. 

Ib, 


Corn + tankage 

Corn 

4.15 

1.122 

Corn 

370 

Tankage 

0.41 


Tankage 

37 


Com 

4.46 


Corn 

309 

Com + tankage + skim 

Tankage 

0.26 

1.443 

Tankage 

18 

milk 

Skim milk 

4.15 


Skim milk 

283 


** Arthur H. Kuhlman and James \V. AVtlson, Bui- 216, 1925. 

L. Robison. Spl. Cirs. 32 and 39, 1918 and 1932; Bui. 488, 1931. 
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ration was only 14 percent in excess of that of the tankage-alone 
ration, while the rate of gam was 28 percent greater. 

As shown by the results summarized in Table 114, a combination 
of tankage and buttermilk proved superior to buttermilk alone for 
balancing corn. It would appear, therefore, that a combination of 
tankage and skim milk or buttermilk is superior to either alone. .Ap- 
parently, the improvement which results is due principally to en- 
hanced palatability and partly to the presence in the milk ration of 
certain desirable vitamin factors and amino acids not contained in 
adequate amounts in the other ration. For dry-lot feeding, however, 
neither is complete, especially for young pigs. 

Alfalfa hay improves a corn-fankage ration. In each of nine ex- 
periments conducted at the Nebraska, Wisconsin, Kansas, and Ohio 
Stations one lot of pigs was fed a ration of com and high-grade tank- 
age, and a second comparable lot the same with alfalfa hay. In^ three 
of the trials the alfalfa was fed in the long condition in racks; in the 
other six it was chopped and mixed with the tankage. In all cases the 
feeds were self-fed, or hand-fed according to appetite. The pigs were 
confined to dry lots, averaged 70 pounds in weight when the experi- 
ments started, and were fed in each instance to market or near-market 
weights. The summarized results are shown in Table 124. 


Table 124. Tankage versus Tankage Pins Alfalfa Hay for Ualancing 
Corn in Dry Lot 
(Average 9 Experiments) 


Daily Feed 
Con sumption 

lb. 

Corn ‘*'3' 

Tankage 0.4-1 


Corn tankage + alfalfa Jffaifa^hay o':0 Alfalf-i hj> 17 

Tnlal ill 

Although the amount lU- rat-- U 

the ration, its etTect was to rncrea^ i.n 

gam. Here is further evidence that .uh- h * curri-ur-ia-'. 

green hay certain essential vi.amm factors wh-h 


Daily 

Cain 

Feed Retiiiired 
to Produce 
/ C»/. Cain 

lb. 

1.063 

lb. 

Corn 

Tankage 

4U.S 

41 


Total 

AV) 

l.ISl 

Corn 
Tankage 
Alfalfa ha> 

3.<t) 

17 


Total 

4)3 
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ration lacks in adequate amounts. Pigs fed com and tankage alone, 
without green feed of any kind, often become stifE and show other 
evidences of malnutrition toward the end of the feeding period, espe- 
cially during the winter months (see page 200). 

Liver meal. That unextracted animal-liver meal contains some un- 
identified factor or factors which confer nutritional benefits when 
added to many so-called well-balanced rations is indicated by the 
studies of a number of investigators. Especially is this the case with 
young pigs up to a weight of 100 pounds, or of those lacking thrift. 

At the Cornell Station, Wiflman and Morrison conducted seven 
dry-lot experiments from 1939 to 1942 in which animal-liver meal 
was fed as 2.5 percent of the ration until the pigs reached 100 pounds. 
1.25 percent from 100 to 150 pounds, and 1 percent from 150 pounds 
to market weight, in addition to the ration of ground yellow com, 
standard wheat middlings, tankage, 0.125 pound of cod-liver oil per 
100 pounds of the mixture, a mineral mixture, and salt. These in- 
gredients were mixed and self-fed. In most of the trials the liver meal 
represented the residue of fresh livers from which the antianemic fac- 
tor had been extracted with boiling water. They estimated that about 
one-half of the water-soluble vitamins was also removed in the 
process. 

In each of these seven trials the pigs which received the small allow- 
ance of liver meal in addition to the check ration consumed more 
feed and made significantly faster gains. The average daily gain for 
those that received fiver meal was 1.43 pounds, while those on the 
check ration gained 1.34 pounds. The amount of feed required for a 
f 00-pound gain was 373 pounds for those with, and 377 for those 
without the liver meal. 

In two other experiments at the same station, conducted under 
similar conditions, the check ration included, in addition to the same 
feeds as above, 5 percent of ground alfalfa hay in place of the cod- 
liver oil. In these trials the pigs which received the liver meal gained 
1.43 pounds daily, while those on the check ration gained 1.38 
pounds. The feed consumed for each 100 pounds of gain was 370 
pounds for the liver-fed pigs, and 362 for those on the check ration. 
These differences are not large enough to be of any significance. 

Blood meal. Owing to its extremely concentrated character and 
high price, blood meal or blood flour is not commonly fed to pigs. 
It contains over 80 percent of protein, which ranks high in quality 

**John P. Willman and F. B. Morrison. Bui. 836, 1947. 
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or cnicicncy. It is especially rich in the amino-acid tryptophane, one 
of two which arc low in com. Its calcium or lime content, on the 
other hand, is very low. It is also relatively rich in iron and, when fed 
tn diluted quantities to anemic animals, gives good results. When fed 
as the chief protein supplement in a grain ration, no more than one- 
half as much blood meal should bdtfed as would be appropriate with 
tankage or meat scraps. Owing to its great deficiency in calcium, such 
a ration should always be supplemented with a mineral mixture rich 
in lime. 


FISH MEAD 


Fish meal is the general name used to designate quite a wide variety 
of fish products having as their source the by-products of the fishing 
industry. Like by-products from the meat-packing industry, variation 
exists between the different brands, the result both of variation in the 
character of the materials contained and differences in the methoos 
employed in their manufacture. The definitions adopted by the Asso- 
ciation of American Feed Control Officials for the marine products 
are given below. 

Definitions, fish meal is clean, dried, ground tissues of undccom- 


posed whole fish or fish cuttings, either or both, with or without the 
extraction of part of the oil. If it contains more than 3 percent of salt 
(NaCl) the amount of salt must constitute a part of the brand name, 
provided that in no case shall the salt content of this product exceed 
7 percent. , . , , 

FISH RESIDUE MEAL is the dean, dried, undecomposed residue from 
the manufacture of glue from nonoily fish. If it contains more th..n 
3 percent of salt (NaCl) the amount of salt must constitule a pa'‘ »' 
the brand name, provided that in no case shall the salt content of ihi. 


product exceed 7 percent. 
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brand name, provided that in no case shall the salt content of this 
product exceed 7 percent. 

SHRIMP MEAL is the undecomposed ground dried waste of shrimp 
and contains the head, hull, or whole shrimp, either or in mixture. If it 
contains more than 3 percent of salt (NaCl) the amount of salt must 
constitute a part of the brand naine, provided that in no case shall 
the salt content of this product exceed 7 percent. 

WHALE MEAL is prepared from the clean, dried, undecomposed flesh 
of the whale, after part of the oil has been extracted. If if contains 
more than 3 percent of salt (NaCl) the amount of salt must consti- 
tute a part of the brand name, provided that in no case shall the salt 
content of this product exceed 7 percent. 

Kinds of fish meal. There are two general classes of fish meals, 
based on the source or character of the materials contained. The first 
represents the by-products coming from factories engaged in pressing 
or extracting the oil from nonedible fish, such as the menhaden. This 
is known as menhaden fish meal. The second is the by-product pro- 
duced by the factories engaged in canning fish for market, mostly the 
sardine, cod, and haddock. The meal produced from the sardine is 
called pilchard meal, and that from the cod and haddock white fish 
meal. 

MENHADEN FISH MEAL is the dried and ground residue of menhaden 
fish after a portion of the oil has been removed by cooking and press- 
ing, and contains from 4 to 12 percent of oil. Pilchard meal is the 
dried and ground residue resulting as a by-product from the canning 
of the sardine and consisting of the heads, tails, and entrails after 
most of the oil has been extracted. It is similar in analysis to men- 
haden meal. 

WHITE FISH MEAL IS made principally from the cod and haddock, 
nonoily fish, and consists of the heads, backbones, fins, tails, and some 
flesh after they have been dried and ground. The entrails are not in- 
cluded.*® 

Production of fish meals. The fishing industry in the United States 
and Alaska produced 782 million pounds of canned fish in 1948 
with an estimated value of 336 million dollars. By-products from the 
canneries, and those from firms engaged in the extraction of oil from 
nonedibic fish, resulted in the production of the various types of meal 
suitable for feeding as shown in Table 125.®° 

*• L. A. Maynard, R, C. Bender, and C. M. McCay, Cornell Exp. Sta., Jr. Agr. Hes., 
Vol. 44, No. 7, 1932. 

**C.F.S. No. 497, Canned Fhh and Bv-Products, 1948, U.S. Dept, of Inlcrior, 

W. /Vnderjon, Chief, Branch of Com. R^erics. 
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Table 125. Proiiuclioii of Marine Scrap and Meal, 19a8 


Product 

Tons 

MenhuJen 

104,058 

“White fiih” 

21,780 

Tuna and mackerel 

21,305 

Pilchard 

19,076 

Herring 

17,686 

Crab 

5,151 

Salmon 

1,152 

Shrimp 

724 

Whale (meat and bone) 

479 

Fur seal 

341 

Anchovy 

163 

Shark 

106 

Miscellaneous 

7,498 

Total 

199,519 


Menhaden fish meal constitutes more than one-half the total pro- 
duction, all of which is produced on the Atlantic and Gulf coasts. All 
of the pilchard meal comes from factories situated on the Pacific 
coast. 

The use of fish meal as a feed rather than as a fertilizer did not 
become common in this country until about 30 years ago. Orr and 
Crowther^i report that its general use in England began about 1916. 
Since 1920, there have accumulated a considerable amount of data 
indicating the superior feeding qualities of fish meal as a protein-rich 
supplement. The general composition of most varieties is very similar 
to that of tankage and meat scraps. 

Fish meal and tankage compared. A summary of the experiments 
carried out by the stations of the country, the results of which iv ere 
published prior to 1937, in which high-grade tankage and menhaden 
fish meal were compared as supplements to eorn or growing an at 
tening pigs' in the dry lot, showed a slight superiority for the fish mea 
both fn the rate and eeonomy of gains. The di lerenees, '■o'''; 
not large. In a majority of the experiments the aetual money cost 
100 pounds of gain was less for the 

most cases the tankage was purchased at a ower priee. - . 

the fish meal was worth S5 to SIO a ton more 

ing this same period, the Jh^thh nieal war .hj.hily 

nicnls with pigs on rape pa^iurv. Here ^ 
though not significantly superior to the un 'a»c. 

D. On- anJ C. Ciottthcr, Jr. .Uu-.uJry of .iir. 3-. • 
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Hackedom and Sotola of the Washington Station -= compared fish 
meal produced by the canneries of the Pacific coast with tankage in 
five experiments. The fish meal averaged 56 percent of protein and 
the tankage 60 percent. Although similar in composition, this is a dif- 
ferent type of fish meal than that used in the experiments just con- 
sidered. The ration consisted of three parts rolled barley and one part 
of “mill run” made up of finely ground shorts, bran, and middlings, 
with either fish meal or tankage, and was hand-fed according to appe- 
tite. In three of the trials the pigs were in dry lots, and in two on 
forage. In these experiments the fish meal proved to be about 14 per- 
cent more efficient than the tankage. In each of the individual experi- 
ments, the pigs getting fish meal gained slightly more on the same 
amount of feed. 

In the dry-lot experiments just reviewed neither the fish meal nor 
the tankage ration was complete. Later investigations have shown 
both to be deficient especially in a number of the water-soluble vita- 
mins. To compare these two feeds when fed in rations more nearly 
ideal according to present knowledge, there are given in Table 126 
the summarized results of seven experiments conducted by Willman 
and Morrison of the Cornell Station “ and two by Robison of the 
Ohio Station.-^ In the Cornell trials the ration was composed of corn, 
linseed meal, ground alfalfa (4*/i percent of ration), and minerals, 
and either 60 percent digester tankage or menhaden fish meal. In the 
Ohio experiments the ration was com, soybean oil meal, ground alfalfa 
(,4 percent of ration), and minerals and either dry -rendered tankage 
or fish meal. At both stations the rations were fed according to appe- 
tite. The pigs were confined to dry lots under controlled conditions, 
and fed from a starting weight of 60 pounds to approximately 200 
pounds. 

The results as averaged are so nearly identical that no other con- 
clusion is possible than that these two supplements are practically of 
equal value when fed under the conditions represented in these trials. 

Menhaden and while fish meal compared. The same investigators, 
in six trials at the Cornell Station and in two at the Ohio Station, com- 
pared these two meals for growing and fattening pigs in the dry lot 
when fed on rations of the same type as those used in the experiments 
just reviewed. The pigs fed the menhaden meal in these eight trials 


“Howard Itaclcdom and J. Sotola. DuL 169. 1922. 
“John P. Willman and F. U. Morilson, Bui. 730, 19-10. 
“W. L. Ilobimn, Ili-Monlhly BuL 217, 1942. 
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Tabic 126. Fish .Nic.iJ and Tankage Compared for Pigs in the Dry Lot 
( Ixcrage 9 Experiments) 


Rations 

Feed Con- 
sumed 
Daily per 
Pig 

Daily 
Gain 
per Pig 

Feed Required 
to ProduK.e 

1 Ch'/. Gam 


lb. 

\b. 

lb. 





Corn 

? 

Corn, tankage, linsccJ or 



Tankage 

25 8 

soybean oil meal, ground 

5.74 

1.49 

Linseed or 


alfalfa, and minerals 



soybean 




o.m. 

18.5 




Alfalfa 

16.0 




Minerals 

3.0 




Total 

385.4 




Corn 

321.3 

Corn, fish meal, linseed or 



Fish meal 

23.6 

soybean oil meal, ground 

5.89 

1.53 

Linseed or 


alfalfa, and minerals 



soybean 





o.m. 

17.6 




Alfalfa 

19.6 




Minerals 

2.9 




Total 

385.0 


made an average daily gain of 1.48 pounds; those which received the 
white fish meal gained 1.41 pounds daily. The amount of feed re- 
quired to produce 100 pounds of gain was practically identical, 378 
and 377 pounds, respectively. In both the Ohio experinien^ somewhat 
better results were obtained with the menhaden meal The Cornell 
workers reported that in two of their six trials the white fish meal gave 

unsatisfactory results, , r 'r ui. >-^7 

Fish meal and tankage compared for pigs , .T,^ 

there are summarized the results of 13 ^ ‘ f u. 

menhaden fish meal and <“‘''‘|®J^7th^trhls^v ere conduced at the 
tening pigs full-fed on forage Fwe o 

Cornell Station, three at the Ohio S . corn linwcd 

Carolina Station.- At Cornell ^ ;„d 

meal, minerals, and either j , mineral, and 

pasture. The ration fed in ‘'’‘= rape forage in one and 
either dry-rendered tankage or fish n . 

“John P. Willman and F. 


John P. Willman and F. u. ,*qji 

W. L. Robison, Bi-Monthly Bid. - w. ^ q Codio. 

”E. D. Kyzcr. T. .M. Cl^bum. R- ^ Jon«. ^ 


CV. t‘. lAi) 
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a combination of alfalfa and clover forage in the other two. At South 
Carolina the ration fed was white com, minerals,' and either fish meal 
or tankage, with green rye forage. The pigs were started in the dif- 
ferent experiments at weights of 50 to 67 pounds, and in all trials 
were fed to a market weight of about 200 pounds. 


Table 127. Fish Meal versus Tankage for Pigs on Pasture 
(Average 23 ExperimenCs) 


Rations 

Feed 

Consumed Daily 
per Pig 

Daily 
Gain 
per Pig 

Feed Required 
to Produce 

1 Cwt. Gain 


lb. 

lb. 

lb. 

Corn, tankage, and minerals 

4.89 

1.377 

355 

Corn, fish meal, and minerals 

5.08 

1.477 

344 


Without an exception in any of the trials, the ration containing the 
fish meal was consumed in slightly larger amounts, and produced 
faster and mote economical gains. The actual average cost of 100 
pounds of gain as reported was $5.45 for the tankage ration, and 
$5.28 for the ration containing the fish meal. 

Fish meal and buttermilk compared. 'Vestal of the Indiana Sta- 
tion compared fish meal and buttermilk as supplements to com 
for growing and fattening pigs in the dry lot in two experiments. The 
corn and fish meal were self-fed, free-choice, while the buttermilk was 
hand-fed twice daily. The com in the buttermilk ration was self-fed. 
In each trial the pigs which had the buttermilk gained about 10 per- 
cent faster than those fed the fish meal. The gains of the pigs receiving 
fish meal were efficiently made, however, for in producing a unit 
increase in weight 19.5 pounds of the fish meal plus 22 pounds of 
com were equal in value to 444 pounds of buttermilk. 

Fish meal compared with soybean oU meal. Hostetler of the North 
Carolina Station found that fish meal gave better results as a sup- 
plement to corn for growing and fattening pigs in the dry lot than 
soybean oil meal in three experiments. In each trial shelled com was 
fed in one compartment of the feeder, either fish meal or soybean 
oil meal in a second, and a mineral mixture in a third compartment. 
The fish meal (menhaden) averaged 40 percent of protein and the 
soybean oil meal 39.7 percent. Although practically the same in pro- 
tein content, the soybean oil meal was consumed in much larger 
amounts than the fish meal, much more, in fact, than was necessary 

**C. M. Vestal, Mimeo. Rpi. H'9, 1925. 

** Earle H- Hosteller, Bui. 259, 1928. 
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Fig. 54. The self-feeder has become an institution on practically cscry 
commercial hog farm in America. Self-fed pigs eat more and gain faster than 
hand-fed pigs. The feeds, including (he minerals, may be ground and mixed and 
fed all in one compartment of the feeder; or the grain may be fed in one com- 
partment, the protein supplement in a second, and the minerals in a third com- 
partment, in which case the pigs arc self-fed, free-choicc. 

to balance the protein supply. The pigs on the fish-meal ration gained 
1.93 pounds daily, as against 1.78 pounds daily for those getting 
soybean oil meal. Less total feed was required for a unit of gain also 
on the former ration. 

At the same station Foster and Hostetler compared menli.iden 
fish meal with soybean oil meal in three e.xpcrimenis for pigs fed in 
the dry lot from a weight of about 106 pounds to market weight. Lp 
until the time they went on expcrimcnl, the pigs were on good pasture. 
The rations were shelled com, minerals, and either fish meal or so>- 
bean oil meal, self-fed, free-choice. The pigs which reeeised lish nie.d 
gained 1.93 pounds daily and made 100 pounds of gain on 36S 
pounds of feed. Those fed sosK-ans made an aseraee dailv e.on of 
1.78 pounds, requiring 397 pounds of feed to produce H-O (-< u,:.L 
of gain. Tlie money cost of producing 100 pound, of earn ..a, so in 
and $7.09, respcelisely. This ditference. ho.seser. wa. in Ur:: r -•..>■ 
urc the result of the e.seessiie consumruon or i!;.- : ..1 

me.U. 

Results secured in four iruK b> ihc w;:.e m •' 

••J. E. IV-acr ir.J Eiil? 1* I*-- 

" /.‘•.J 
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that replacing half the fish meal with an equal amount of soybean 
oil meal produces as rapid and efficient gains as fish meal alone. The 
combination of the two proved very palatable, with the result that its 
consumption, when self-fed, greatly exceeded the amount necessary 
to balance the com, hence increasing unnecessarily the money cost 
of the gains. Also, it was found in three trials that self-feeding a 
supplement made up of equal parts of fish meal, soybean oil meal, 
and cottonseed meal produced faster and cheaper gains when fed as 
a supplement to com to partly grown pigs in the dry lot than fish 
meal alone. 

Studies in other countries. Results secured in three sets of experi- 
ments involving eight trials, conducted at the Harper Adams Agri- 
cultural College, England,®- indicated that the protein contained in 
extracted soya-bean meal (soybean oil meal) was as efficient in bal- 
ancing a cereal grain ration as the protein contained in white fish 
meal when fed under carefully controlled dry-lot conditions. Re- 
sults of extensive studies by German investigators as reported by 
Crowther,®® in which the basal ration was composed mainly of barley 
meal and potatoes, were favorable to the fish meal when compared 
with soybean oil meal with small additions of chalk (CaCOa) and 
salt. In trials comparing the common types of fish meal, they found 
no significant differences. 

Hilton of the Dominion Experimental Farm, Nappan, N.S.,®* re- 
ported after extensive studies that, as a protein supplement for grow- 
ing and finishing bacon pigs, fish meal gave very satisfactory results 
when compared with skim milk and tankage. 

Fish meal and peanut oil meal compared. In a series of four experi- 
ments at the North Carolina Station “ fish meal and peanut oil meal 
were compared when fed to 83-pound pigs in the dry lot for a period 
of about 80 days. The supplements were self-fed, free-choice, with 
shelled corn and minerals self-fed. The pigs which received the fish 
meal gained 1.62 pounds daily and required 395 pounds of feed to 
produce 100 pounds of gain, at a cost of $6.62, Those fed the peanut 
oil meal gained 1.32 pounds daily and required 425 pounds of feed 
for each IflO pounds of gain which cost $7.13. Because of its pala- 
tability, 1 pound of peanut oil meal was consumed for each 2.8 

“T. B. WooU. J. n. Orr, and C. Crowlhcr, Jr. Ministry of Ayr., Eng., Vol. 35, 1928. 

" C. Crmvihcr, A’w/. Ahsf. and Jtriicw, Imp. Bu. of An, Nut,, Rowett Inst., Vol. IV, 
No. 2, 1934. 

“ S. A. Hilton, Sci. Agr.. Vol. XIX, No. 3. 1938. 

*^Jbid. 
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pounds of corn, an amount greatly in excess of that necessarj' to 
supplement the ration clliciently or economically. 

Does fish meal lainl the flc.sh of pork? German investigations con- 
ccniing the effect of fish meal on the quality of pork products gen- 
erally have given negative results."® They report that all groups of 
pigs fed herring metil, with and without varying amounts of skim 
milk, as a supplement to cereal meal and ensiled potatoes, showed 
the flesh and fat of the carcasses to be free from fishy or oily taste or 
odors. Livenvurst prepared from the livers was also of satisfactory 
quality. 

Vestal and associates of the Indiana Station raised four lots of 
pigs from a weight of 67 to 218 pounds with rations containing 
different amounts of menhaden fish meal and fish oil to determine 
their influence on the flavor of the pork. The fish meal contained 5 
percent of oil. The results as judged by nine families showed that the 
control ration containing 10 percent of fish meal did not produce 
fish-flavored pork. When 0.5 or 1.5 percent of fish oil was added to 
the basal ration, however, considerable fishiness in flavor resulted, 
more pronounced in the roasts and bacon than in the chops. Earlier 
studies by other investigators showed that fish meal when fed in an 
amount sufficient to balance a com ration did not produce off-flavored 
pork. 

Marshall and Davis of the Florida Station “ report that shark meal 
fed in an amount representing 5.9 to 13.98 percent of the ration did 
not produce any off- or fishy flavor in the lean or fat of the pork 
products. 

OTHER MARINE PRODUCTS 

Shark meal. This protein-rich supplement represents the cooked, 
dried, and ground portion of the shark carcass which remains after 
the removal of the hide, liver, dorsal fins, and in some cases the teeth 
and jaws. 

Marshall and Davis of the Florida Station®® tested the value of 
this product by comparing it with roller-process powdered skim milk 
for growing and fattening pigs by the paired-feeding plan. The shark 
meal used contained an average of 78 percent protein. The basal 


Exp. Sta. Record, Vol. 79, 1938. i pa i v* tr* « 

‘'C. Vestal. C. L. Shrewsbury, Ruth Jordan, and Opal Millisan, Jr. 


Vol. 4. No. 1, 1945. ^ . ,, , , V. 

” Sidney P. Marshall and Geo. K. Da>is. Jr. An. Set.. Vo . 5. >o. 
*» Sidney P. Marshall and Geo. K. Da»is, Jr. An. Set.. >ol. 5. >o. 


1946. 
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portion of the ration consisted of ground yellow com, com starch, 
and 4 percent of a complex mineral mixture. The shark meal and 
powdered skim milk were added in such quantities as to supply the 
protein needs at a minimum level, namely, 17 percent of protein from 
the start to a weight of 75 pounds, 15 percent from 76 to 100 pounds, 
13.5 percent from 101 to 150 pounds, and 12 percent from 151 to 
the end of the experiment. They were fed by hand, and the feed intake 
equalized for the pigs of each pair. All pigs received in addition a 
liberal supply of vitamin A and the better known water-soluble 
vitamins. The pigs throughout the experiment were kept on concrete, 
under strictly controlled and sanitary conditions. 

The pigs fed the shark meal during the 98-day feeding period made 
an average gain of 1.5 pounds daily; those which received the skim 
milk powder gained 1.44 pounds daily. Since the teed consumed of 
the contrasting rations was the same, it would appear that the protein 
contained in shark meal is as eIBcient as that contained in powdered 
skim milk. 

Shrimp meal and tankage compared. Another superior protein sup- 
plement of marine origin is shrimp meal or shrimp bran. It is com- 
posed mainly of the heads and hull of the shrimp, after having been 
artificially dried and finely ground. It analyzed 45 to 50 percent of 
protein, and with an ash content running as high as 30 percent. 

Bray and associates of the Louisiana Station made a compre- 
hensive study of this product in three experiments for growing and 
fattening pigs fed in the dry lot. In Table 128 is presented the summary 
of their studies in which shrimp meal was compared with standard 
tankage, fed either as the sole protein supplement, or as the principal 
supplement along with other supplements of plant origin. In one year 
cottonseed meal was the additional supplement used, and in another 
a mixture of cottonseed meal, ground soybeans, and alfalfa meal. 
The carbohydrate portion of the ration was either corn alone or a 
combination of com and rice polish. These components of the ration 
were fed in the self-feeder, frcc-choicc style. In two of the experiments 
a good mineral mixture was fed to both lots. The pigs were confined 
to dry lots, averaged 67 pounds when the experiments began, and 
were fed over periods lasting from 40 to 70 days. 

Without exception the pigs which received the shrimp meal out- 
gained those fed tankage, apparently the result of greater palatability 
and larger feed consumption. In all cases the shrimp meal was eaten 
*• Chas, I. Bray, J. B. Prancioni, Jr., E. M. Gregory, and M. G. Snell. Bui. 228, 1932, 
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Tabic 128. Sliriiiip .Meal Compared with Tankage for Pigs in Dry Lot 
(Averase S Experiments) 



Rations 

Daily 

Gam 

Feed Required 
for 1 Cwt. Gain 

Cost of 1 
Cwt. Gain 



lb. 

lb. 


As the only 

(Shrimp meal 

1.53 

385 

$7.49 

supplement 

jTankagc 

1.34 

395 

$8.22 

With otijcr 

(Shrimp meal 

1.68 

350 

$6.85 

supplements 

(Tankage 

1.45 

363 

$7.34 


in larger quantities than the tankage, but owing to its lower protein 
content more was needed to balance the ration. That the proteins 
contained in the shrimp meal are of good or superior quality is sug- 
gested by the amount of feed required to produce a given gain in 
weight. 

Some type rations balanced mainly with meat or fish supplements. 


A. For jall-jarrowed pigs during the winter; 

1. Com or other grain, self-fed, + tankage or meat scraps or fish 
meal, self-fed, 4- fine-quality legume hay, self-fed. 

2. Ground corn or other cereal 74 to 80 percent, tankage or fish 
meal 8 to 5 percent, soybean oil meal 8 to 5 percent, and 
alfalfa meal 10 percent, mixed and self-fed, 4- simple mineral 
mixture, self-fed. 

B. For full-fed pigs on good forage: 

Corn or other grain, self-fed, 4- a mixture of tankage or meat 
scraps or fish meal 25 percent, soybean oil meal or linseed 
meal or cottonseed meal 25 percent, and finely ground oats 
50 percent, 4- flake salt, self-fed. , „ , , ■ , 

C. For pregnant sows and gilts during the last half of the wtnte 

gestation period: . r j • 

1. Corn, ground barley, oats, and/or wheat hand-fed in an 
amount to maintain the right improving condition (about 14 
pounds daily per hundredweight for mature sow, and I 4 
pounds daily per hundredweight of young sows) + one-lhird 
pound daily per sow of tankage or meat scraps or fish wcnlj 
Le-quality alfalfa hay or alfalfa leaf meal, self-fed, -r a simple 

mineral mixture* self-fed. u , i/, 

2. A mixture by weight of '/a ground com or ^ 

ground oats or barley, W (or more) prime alfalfa nwal. and 
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5 percent of tankage or meat scraps or fish meal, self-fed, 
simple mineral mixture, self-fed. 

3. A mixture of equal parts, by weight, of fineiy ground oats and 
com SO percent, alfalfa meal 15 percent, and tankage or fish 
meal 5 percent, hand-fed according to copdition of sows, -1- 
simple mineral mixture, self-fed. 

D. For joivi nursing pigs: 

1. After sows are on full feed, self -feed a mixture of ground 
grain 90 percent and tankage or meat scraps or fish meal 10 
percent, green forage pasture -j- simple mineral mixture, 
self-fed. 

2. For dry lot, after sows are on full feed, hand-feed according 
to appetite and condition of sows a mixture of ground grain 
60 to 65 percent, wheat middlings 20 percent, alfalfa meal 5 
to 10 percent, and tankage or meat scraps or fish meal 10 per- 
cent, -F simple mineral mixture, self-fed. 

KITCHEN GARBAGE 

Several million tons of kitehen waste of considerable potential 
feeding value are produced in this country annually. A survey made 
by the U.S, Food Administration showed that of 66 cities with popu- 
lations in excess of 100,000 in 1916, more than 30 percent reported 
that their garbage was disposed of by feeding it to hogs, and of 544 
cities with populations between 10,000 and 100,000, more than 36 
percent so reported." It was estimated at that time that this product, 
if handled and fed under ideal conditions, was sufficient to produce 
80,000,000 pounds of pork. In 1930 Conti of the Los Angeles County 
Livestock Department *- reported the results of a study of methods 
of disposal used in 64 of the larger cities of the country, the data from 
which are shown in Table 129. 


Tabic 129. Methods of Muulcipal Garbage Disposal 



Number At! 

Number Fart 

Ferceittaf:e All 

Incineration 

14 

18 

21.87 

Reduction 

6 

6 

9.37 

Hog feeding 

37 

25 

57.81 

Fills and dumps 

7 

13 

10.93 


**F, G. Avhbtook and rV, Wiljon, Farrncn’ IJul. U3J, 1920. 

« L, F. Conti, “A Suncy of Munkipal Catbajie Dtipoial,” Ucporicd in An. Itpi. 
of ihc U)s Angeles Co. US. Dcpl., 1930, L. M. Hum. director. 
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According to this survey more than one-haif the cities were de- 
pending on hog feeding as the soie method of disposal, while more 
than 95 percent of them used this method solely or in part Twertv- 
two percent of the cities depended exclusively on incineration, turn- 
ing, and less than 10 percent used the reduction system on!>. In the 
latter method, the garbage is tanked, part of the grease and fat re- 
moved, and the residue dried and ground to produce 'processed ' 
garbage, which is sold as a pig feed. 

Three surveys made by Inspector Hurt of the Los Angeles Cou ly 
Livestock Department “ showed the following costs per ton for ;'’o 
different methods of collection and disposal in 90 large cities of the 
country: 



1930 

1939 

1949 

Hog feeding 

$1.89 

$2.29 

$4.16 

Reduction 

5.47 

2.82 

9.75 

Incineration 

4.48 

3.63 

6.59 


Feeding value of raw garbage. The amount of pork which can be 
made from a ton of garbage varies widely, being influenced mainly 
by the general methods of management employed and the sanitary 
conditions under which it is fed, and secondly, on the quality of the 
garbage collected. Hotel, restaurant, and institutional garbage, and 
that from army and navy stations, is considerably superior in feeding 
value to household garbage. Much depends, too, on the general pros- 
perity plane. When times are good, the garbage is good; when tliey 
are bad, the garbage is not so good. 

Municipal garbage, on the dry-matter basis, analyze.s about as 
follows: protein, 15 to 25 percent; carbohydrates, 40 to 50 percent: 
fats, 20 to 25 percent; and ash, 10 to 15 percent. It contains about 70 
percent of moisture. The nutrients arc well balanced; the proporti.ui 
of protein to carbohydrate equivalent (nutritive ratio) is about I to 5, 
and its mineral or ash content Is high. 
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ments of any kind. The raw, uncooked product also is preferred to 
the treated because the hogs can pick and choose and thus mote easily 
separate the food from the refuse and balance their ration. From the 
results of experimental studies of the practice of supplementing 
garbage with grain, made at the Michigan, New Jersey, Mississippi, 
Kentucky, and Iowa Stations, Ashbrook and Wilson calculated 
that 516 pounds of garbage was worth 100 pounds of grain. This is 
probably a much higher feeding value for garbage than is generally 
realized. 

The best method of feeding is to spread the day’s collection on 
fence-enclosed rat-proof cement feeding platforms. Two of these 
should be provided so that they may be alternated and the refuse 
promptly removed. The combustible portion is burned and the bones 
sold. Sometimes the refuse minus the bones is used as a fertilizer in 
the raw state. Good results are possible only when the garbage is 
collected regularly and strict sanitary precautions observed. Even with 
the best of management, the losses will be heavier than occur under 
general farm conditions. 

Quality of pork produced by garbage hogs. Although garbage-fed 
hogs produce pork of good quality, studies of 600 carcasses by Hughes 
and Ittner of the California Station indicated that only 37 percent 
of the pigs fed grain with garbage produced carcasses which graded 
hard, while for those without garbage 84 percent of the carcasses 
graded hard. This was the result, no doubt, of the high fat content of 
average garbage. Garbage-fed hogs, because of their paunchiness, 
shrink more in shipping and usually dress out two to three points lower 
than other hogs when killed. 

Trichinae in pork. Zeller and EUis of the U.S. Department of Agri- 
culture report that studies in the Zoological Division of the Bureau 
of Animal Industry show that the occurrence of trichinae in hogs fed 
raw garbage is eight times as great as it is in hogs fed cooked garbage. 
The federal meat inspection service, however, sees to it that all lean 
pork which is customarily eaten without cooking, such as bologna, 
frankfurt, Vienna-style sausages, dry summer sausage, cooked ham, 
Italian smoked ham, is specially treated to destroy all possible live 
trichinae. This safeguard is accomplished by one of the three follow- 
ing methods: “(1) Heating all parts to a temperature not lower than 


**F. G. Ashbrook, and A. Wilson, U.S.D.A.. Farmers’ But. 1133, 1920. 
**E. H. Hushes, and N. R. Inner, Food Research, Vol. 5, No. t. 1940. 
** J. H. Zeller, and N. R. Ellis, Year Brook of Asricidliire, 1939. 
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137°F; (2) freezing all parts to a temperature not higher than 5 F 
for not less than 20 days; or (3) curing the meat or article according 
to one of four methods.” 

PROCESSED GARBAGE 

When the reduction method of garbage disposal is cmpIo>ed, the 
garbage material, minus crockery, glass, and such matter, is tanked 
to remove most of the fat and the residue artificially dried and finel) 
ground. This product has been designated processeil garbage b> the 
American Feed Control Officials. To pass inspection it must contain 
less than 1 percent of glass, none of which is in the form of knife or 
needle-like particles, and the odor must not be suggestive of decom- 
position. The maximum percentage of glass should be stated on the 
label when present in excess of one-fifth of 1 percent. The product 
runs high in fiber and fat, with an amount of protein about e(|ii.il to 
that in wheat rniddlings. Samples used in the experiments referred to 
below had the following average composition: protein. 17.4 percent; 
fat, 25.8 percent; fiber, 19.3 percent; and ash or mineral matter, 13 3 
percent. 

Processed garbage and tankage compared. Vestal of the Indi.ui.i 
Station conducted four experiments in each of which he compared 
processed garbage with Number 1 tankage when fed with corn to 
growing and fattening pigs on forage. The rc.sulls are atcraged and 
shown in Table 130. In each trial the ground corn and supplcincnt 
were combined in regulated proportions and self-fed. The proportion 
of tankage to corn w'as 1 to 12, and of the processed L*.irbage I to I - 
or 1 to 8. The pigs weighed 64 pounds at the st.irt of the erpernneiit.. 
and close to market weights at the finish. AlfalLi was the forage m 
two of the trials, and red clover in two. 
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Table 130. Processed Garbage Compared vvitli Tankage, on Forage 
(Average 4 Experiments) 


Rations 

Daily Feed 
Consumption 

Daily 

Gain 

Feed Required 
for 1 Cwt. Gain 


lb. 


lb. 

lb. 


Ground corn + tankage 

Corn 

5.65 

1.678 

Corn 

337 


Tankage 

0.47 


Tankage 

28 


Total 

6.12 


Total 

365 

Ground corn processed 

Corn 

5.34 

1.470 

Corn 

363 

garbage 

Proc. gar- 



Proc. gar- 



bage 

0.56 


bage 

38 


Total 

5.90 


Total 

401 


with tankage, in four experiments, under the same conditions as the 
experiments just reviewed. That this feed lacks much in palatability 
is indicated by the fact that the pigs ate only 1 part of the processed 
garbage to 29 parts of com, while in the comparable lot the pigs ate 
the richer tankage in the ratio of 1 to 15 parts of corn. Although they 
needed to consume more than three times as much garbage as tankage 
to obtain the same protein supply, actually they ate about one-half 
as much. 

Processed garbage with stick. In addition to straight processed gar- 
bage the Indianapolis Board of Sanitary Commissioners manufac- 
tured an improved product, called “processed garbage with stick.” 
This has a slightly higher protein content than the straight product 
used in the experiments just reviewed. More recently, by a process of 
removing more thoroughly the fat, “degreased processed garbage 
with stick” has been produced. This product has given very fair results 
in the limited experimental study which has been made of it at the 
Indiana Station. One sample contained 5.3 percent of moisture, 21.6 
percent of protein, 5.4 percent of fat, 29.0 percent of nitrogen free- 
extract (starches and sugars), 23.3 percent of crude fiber, and 15.4 
percent of ash. 

Sewage sludge as a pig feed. Bohstedt and Grummer of the Wiscon- 
sin Station “r studied the possible feeding value of activated sludge 
produced by a Milwaukee sewage disposal plant. This product is high 
in nitrogen and minerals, and is very rich in the B-complex vitamins. 
When fed to growing pigs in amounts to represent 6 to 18 percent of 

®‘G. Bohstedt and Robt. Grummer, BuL 466, 1&45 and Bui. 469, 1946. 
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the ration it had definite toxic effects, resulting in the death of several 
pigs when fed at the higher levels. When fed at levels of 1 to 4 percent, 
no pronounced effects were observable. In all cases it slowed down tlic 
rate of gain and increased the cost of production. 

Experimental tests with activated sludge (dried sewage) at the 
Michigan Station showed that the product was extremely unp.ila- 
table. Efforts to get pigs to eat it were reported as unsuccessful. J.w 
dently the conservation of this valuable product is more prom.sine 
when used as a fertilizer rather than as a feed. 

« Spl. Bui. 348, Mar. 1948. 
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of Plant Origin 


In this chapter the commercial feeds of plant origin will be con- 
sidered. These will include the wheat by-products, such as shorts, 
middlings and bran, linseed meal, soybean oil meal, cottonseed meal, 
gluten meal and feed, peanut meal and feed. 

IVHEAT FLOUR MUX BY-PRODUCTS 

For each bushel of wheat manufactured into flour, there are pro- 
duced on the average about 17 pounds of by-products, most of which 
is standard middlings or shorts, and bran. As shown in Fig. 51, the 
annual production of these two feeds exceeds in tonnage, on the dry 
matter basis, that of any other manufactured product. With the excep- 
tion possibly of the milk by-products and tankage, they are also more 
exclusively used lor swine feeding than any of the other feeds listed. 

By-products produced. The typical Hour mill by-products, in addi- 
tion to standard middlings and bran, are flour middlings, red dog, 
and screenings. The percentage which these represent of the total offal 
varies considerably among the different mills and is affected too by 
the type and quality of the wheat ground. The by-products from one 
mill, not including the screenings, may run 60 percent of bran and 
40 percent of middlings or grey shorts; another reports that the mill- 
feed is divided into 40 percent bran, 40 percent standard middlings, 
and 20 percent flour middlings; a third produces usually 40 percent 
bran, 50 percent standard middlings, and 10 percent red dog. Many 
mills do not produce red dog as such. Always a certain percentage of 
the bran is reduced and classified as middlings or shorts. 

Definitions. The numerous by-products which result from the manu- 
facture of wheat flour are defined by the Association of American 
Feed Control Officials (1950) as follows: 

WHEAT BRAN is the coarsc outer covering of the wheat kernel as 
374 



PROTEIN SUPPLEMENTS OF PLANT ORIGIN 


separated from cleaned and scoured wheat in the usual process of 
commercial milling. 

WHEAT STANDARD MIDDLINGS consists of fine pa^tlclc^ of uiicaE 
bran, wheat germ, wheat flour and some of the offal from the "tail 
of the mill.” This product shall be obtained in the usual process of 
commercial milling and shall contain not more than 9.5 percent 
of crude fibre. 

WHEAT BROWN SHORTS consists of fine particles of wheal bran, 
wheat germ, wheat flour, and some of the offal from the “tail of the 
mill.” This product shall be obtained in the usual process of C(un- 
mercial milling and shall contain not more than 7.5 percent of crude 
fibre. 

WHEAT GRAY SHORTS, WHEAT GRAY MIDDLINGS, Of WHLAT I Lot R 
MIDDLINGS consists of fine particles of wheat bran, wheat germ, vvhe.jt 
flour, and the offal from the “tail of the mill.” The product sh.ill he 
obtained in the usual process of commercial milling and shall con- 
tain not more than 6 percent of crude fibre. 

WHEAT RED DOG, WHEAT WHITE SIIORfS, Of WHLAr WIIIFI. Ml[>. 
DLINGS consists of the offal from the “tail of the mill,” together wuh 
some fine panicles of wheat bran, wheat germ.^and wheat ilour ’lIi ^ 
product shall be obtained in the usual process of cornmerei.il nnllm ; 
and shall contain not more than 4.0 percent of crude fibre. 

WHEAT FEED FLOUR coiisisls principally of wheat iKiur together 
fine particles of wheat bran, wheat germ, and the t)[f.jf fn>!:i the t.rf 
of the mill.” This product shall be obtained in the uiual pri*.e.i i f 
commercial milling and shall contain not more than ! 5 percent t ( 
crude fibre. 
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shorts or middlings which it is necessary to feed in order to balance 
the cereal grains is consequently much greater than when these richer 
protein feeds are fed. They occupy a position intermediate between 
the carbonaceous grains, on the one hand, and the richer nitrogenous 
or protein supplements, on the other. As a matter of fact, they func- 
tion as substitutes for, as well as supplements to, the cereal grains. 
Their extensive use in pork production throughout the country is evi- 
dence of their economy and usefulness. Judging from the fact that the 
proteins of wheat are not of the best quality and, much like com, we 
should conclude that the wheat by-products would not be especially 
efficient in balancing qualitatively the protein deficiencies of com. 

The mineral characteristics of these products are such that special 
attention should be given them by the feeder.-Like the cereal grains 
they are very low in calcium or lime and relatively high in phosphorus. 
This low calcium content is a fault common to all the plant supple- 
ments, but in none of those generally used in pig feeding is it so serious 
as in shorts, bran, and middlings. 


Table 131. Composition o6 Wheat By>product5 * 



Dry 

Matter 

Protein 

N'free 

Extract 

Fiber 

Fat 

CaU 

ciitm 

Phos- 

phorus 


% 

% 

% 

% 

% 

% 

% 

Bran, all analysis 
Standard mid- 
dlings, ail 

90.1 

16.9 

52.9 

9.6 

4.6 

0.14 

1.29 

analysis 

89.6 

18.1 

55.8 

6.5 

4.8 

0.09 

0.93 

Red dog 

89.2 

17.9 

57.9 

4.9 

4.8 

0.07 

0.51 

Flour middlings 
Wheat mixed 

89.2 

18.3 

59.8 

3.8 

4.2 

0.09 

0.71 

feed 

89.7 

17.2 

56.1 

7.2 

4.5 

0.11 

1.09 

Wheat screenings 
Wheat germ 

90.4 

13.9 

58,2 

9.0 

4.7 

0.44 

0.39 

meal 

Wheat germ oil 

90.8 

31.1 

42.2 

2.6 

9.7 

0.08 

1.11 

meal 

Wheat grain, all 

89.1 

30.4 

46.4 

2.6 

4.9 



types 

89.5 

13.2 

69.9 

2.6 

1.9 

0.04 

0.39 


There is little, if any, vitamin A or D in the flour-mill by-products, 
SL characteristic common to practically all commercial protein supple- 
ments. Also, those essential vitamins belonging to the B-complex 
^roup, including B 12, are found in very meager amounts. Vitamin E, 

*F. B. Morrison, Feeds and Feed'ms, 21st ed., Tables I, Appendix, Morrison 
Publishing Co., Ithaca, N. Y. 1948. 
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known as the antisteriltty vitamin, is present in high concentration in 
the oil of the wheat germ. It is possible that the finer grades of mid- 
dlings and red dog, therefore, have special value in helping to main- 
tain regular breeding habits in the herd. 

Compared witli the cereal grains and most of the common protein 
supplements, bran is high in its fiber content, analyzing from 9 to 12 
percent. Screenings and mill-run, or wheat mixed feeds, will often run 
as high as 8 percent of fiber. This, along with their high swelling prop- 
erty on soaking, is the principal reason why bran and these latter 
feeds are not suitable in large amounts for young pigs. Because of 
these same properties, however, they are valued in the maintenance 


rations for the breeding classes. 

Standard middlings, flour middlings, and red dog compared. Dur- 
ing the summers of 1923 and 1924 Ferrin and McCarty of the Minne- 
sota Station = performed the interesting experiment of comparing the 
different flour-mill by-products when fed with com and tankage to 
pigs on alfalfa. The basal ration fed was corn, tankage, and minerals, 
to which was added either standard middlings, flour middlings, or red 
dog flour in the respective lots. One lot received the basal ration only. 
The other lots received from 65 to 75 percent of corn, 23 to 30 per- 
cent of one of the mill-feeds and 2 to 5 percent of tankage, the pro- 
portion of the mill-feeds and tankage being reduced after the pigs had 
reached the weight of 100 pounds. The wheat by-products replaced 
approximately one-third of the com and one-half the tankage. Tin. 
shelled com Ls fed dry in a trough, and the mill- ced and tankage 
mixed together and hand-fed in the form of a thin slop. Each experi- 
mental group of 10 pigs had access to one-half acre of al alD forage^ 

The trials began on July 10, the pigs averaging 66 

riosed on November 3 and 5 \shcn inc piL,-* 
the two experiments ^ ° 200 j,. jhe results, ivhich 

m each lot averaged approximate y -.nrl Ahnun in 

were remarkably uniform in the two trials, are aseraged and shown 


T'hVamhors concluded from these two «Pcri--;n|s -ha. it will pay 
to use wheat by-products along with com and tankage, to the client 
lo use wncai oy m ration, for pigs on good forage. 

of represenling at least onc-tniru _ .,,n ila,cd 

. , ihi? time the experiment nvuil. run. 

with the prices current at int umc » i .i, .» ih . luu’J 

on the results of the 1924 trial, they ci rd e f a 

afford to pay for a ton of s.andard miJdUn.o 3 ' ‘'J F 

bushel of com; for a ton of dour nudJImgs he eou.d pav Jo 

■E. F. Fcrnn and .SI. .S. 
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Table 132. ^Vhcat By-products Compared When Fed with Tankage to Pigs 
on Alfalfa Pasture 
(A verage 2 Experimettts) 


Rations 

Daily Feed 
Consumption 

Daily Gain 

Feed Required 
for 

1 Cwt. Gain 

Shelled corn -f tankage -f- 
minerals 

lb. 

4.20 

lb. 

1.085 

lb. 

Corn 

Tankage 

361 

26 

Shelled corn -f tankage -f 
standard middlings -f 
minerals 

4.35 

1.110 

Total 
Corn 
Tankage 
St. mids. 

387 

295 

16 

86 

Shelled corn + tankage -f 
flour middlings + min- 
erals 

4.44- 

1.160 

Total 397 

Corn 284 

Tankage 16 

Flour mids. 83 

Shelled corn -f tankage 
red dog flour 4- 
mineials 

4.32 

1.115 

Total 
Corn 
Tankage 
Red dog 

383 

286 

16 

85 




Total 

387 


price Of a bushel of com; and for a ton of red dog flour he could 
afford to pay 40 times the price of a bushel of com. These figures are 
useful also in indicating the relative values of the three wheat products 
when fed under these conditions. 

Because of the large tonnage produced annually and their extensive 
use by hogmen, it is apparent that middlings have a logical place in 
swine rations generally. This place is secured for it by its cheapness, 
its ability to substitute in part for the carbonaceous grains and the 
more expensive protein supplements, its superior palatability when 
fresh, and its mild laxative qualities. It is highly regarded as a base in 
making up slops for breeding stock, particularly when fitting for 
show. For its most efficient use, however, it should be fed with other 
protein supplements, largely animal or fish in origin, and in rations 
otherwise supplied with adequate minerals and vitamins. 

Palmo midds. In the manufacture of tin plate, wheat middlings, or 
a mixture of middlings and ground wheat screenings, are used as an 
absorbent to remove the palm oil from the tin plate. The resulting 
product is sold as palmo midds. It is practically the same'in composi- 
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tion as middlings except that its fat content is more than twice as 
great. 

Early experiments at the Indiana Station ^ showed that self-feeding 
a mixture of three parts palmo midds and one part tankage with corn, 
self-fed, gave as good results for fattening partly grown pigs in the 
dry lot as a mixture of three parts middlings and one part tankage. 
On neither ration, however, were the gains as rapid or economical as 
on a third ration balanced with tankage alone. Robison of the Ohio 
Station compared palmo midds and flour wheat middlings when fed 
as the only carbonaceous feeds, each balanced with tankage, to pigs 
averaging about 80 pounds at the start in the dry lot. Although the 
pigs fed the palmo midds ate slightly more feed, they gained 14.2 per- 
cent less rapidly than those fed the flour middlings and required 20.3 
percent more feed for a unit of gain. Fed in this manner, the palmo 
midds had a calculated value of 77 percent of that of the flour mid- 
dlings. 

Some typical rations confaining wheat producls. Below arc given 
some balanced feed combinations in which middlings or shorts repre- 
sent a considerable part of the ration. They are recommended for 
those areas where feed prices are favorable to their use. 

A. Fot fall pigs during the winter: 

1. Shelled corn, self-fed, -f a slop made of 4 to 5 parts m.ddlinss 
and 1 part tankage or meat scraps or fish meal, hand-fed in 
an amount, dry basis, about equal to onc-half the amount o 
corn consumed -f fine-quality alfalfa hay m rack + a nuner.i 
mixture composed of equal parts ground liniestone. special 
bone meal, and common or iodized salt self-fed 

2. A mixture composed of 30 percent finely ground oats, 30 pe - 
cent ground barley, 25 percent shorts or middlings. 5 per e . 
fish meal, and 10 percent of alfalfa meal, by sseighl. -r a sii.ipL 
mineral mixture, self-fed. 

B. For spring pigs full-fed on forage. ■; n irts 

1. A mixture of 6 parts ground oats or 1 

middlings, and 1 part meat scraps or tish iii-al. s,.f f.e. 
simple mineral mixture, self-fed. , , , 

2. Shelled corn, self-fed. -f a mixture of 0 Parts a..-...,. a...l 1 
part tankage or meat scraps or l.sh m-al. l.d. 

mineral mixture, setf-fed. 

■ J. It. Slinncr and C. C. Soo. BJ- 
• \V. L. Kob.so-s. Ual. W7. 1S39. 
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C. For creep-jeeding nursing pigs: 

Shelled com, self -fed, + a thick slop made with skim milk or but- 
termilk and flour middlings or red dog, hand-fed according to 
appetite twice daily, -h a simple mineral mixture composed of 
35 percent finely ground limestone, 35 percent special steamed 
bone meal, 28 percent salt, and 2 percent copperas (ferrous 
sulphate crystals, finely ground) , self-fed. 

D. For pregnant sows during the winter: 

1. A mixture composed of 70 to 75 percent ground oats or other 
grain, 20 percent middlings or shorts, 0 to 5 percent tankage or 
fish meal, and 5 percent alfalfa leaf meal, by weight, hand-fed 
according to weight and condition of the sows, -f- u simple 
mineral mixture, self-fed. 

2. A mixture of 60 to 65 percent ground grain, 30 percent shorts 
or middlings, 5 percent linseed or soybean oil meal, and 0 to 5 
percent meat scraps or fish meal, hand-fed according to con- 
dition of sows, -1- fine-quality alfalfa hay fed in rack a 
simple mineral mixture, self-fed. 

Substitute bran for the middlings in the above rations just before 
and after farrowing. 

E. For nursing sows after they are on full feed; 

1. Ten to 15 ears of com daily a fairly thick slop of middlings 
and skim milk or buttermilk, hand-fed twice daily according 
to appetite, -j- a simple mineral mixture, self-fed, -f green 
forage. 

2. A mixture of 30 percent finely ground oats, 30 percent ground 
barley, 30 percent shorts or middlings, 5 percent meat scraps 
or fish meal, and 5 percent high-grade alfalfa meal, self-fed, -f- 
simple mineral mixture, self-fed. 

F. For the boar before and during the breeding season: 

1. A mixture composed of 45 percent ground grain, 40 percent 
shorts or middlings, 10 percent bran, and 5 percent tankage 
or meat scraps, hand-fed, dry or as a slop, according to con- 
dition, -)- green feed -j- a simple mineral mixture, self-fed. 

SOVDEAN OIL MEAL 

Of the 181,362,000 bushels of soybeans produced in the United 
States in 1947, less than 2 percent was fed to livestock. Most of the 
remainder was crushed for oil, the production of which increased by 
more than 400 percent from 1937 to 1947.° It is interesting to observe 

^Agr. Siasiitics, U.S.D./V, 1948. 
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here that approximately 80 percent of this oil was used as food, cniefi}' 
in lard substitutes (46 percent) and in the manufacture of margaiine 
(16 percent).*^ This indicates the production of an enormous tonnage 
of soybean oil meal, as well as the relative unimportance of the har- 
vested soybeans themselves as feed. 

Methods of manufacture. Three different methods of oil extraction 
have been employed by soybean processors, namely, the old hydraulic, 
the expeller, and the newer solvent method. 

In the hydraulic method the oils are removed by cooking and the 
application of hydraulic pressure. The beans are first run through 
grinding rolls and then thoroughly cooked in large steam-jacketed 
cookers at a regulated temperature well above the boiling point of 
water for a period of about an hour and a half. The cooked meats are 
then placed in the hydraulic press, after which the residue cake i.s 
cracked or ground. This method is reported now to be practically 

abandoned.'^ , . . 

In the expeller process of oil extraction, the beans are cracked and 
then dried to a moisture content of about 2 percent. The material^^ 
then “tempered” by being subjected to a temperature of _2I_ to _4^0 F 
for a period of 10 to 15 minutes in an apparatus equipped with an 
agitator to ensure uniform heating, after which it ° 

peller. Here the oil is expressed by pressure exerted in the hor zonta 
steel barrel by' a centrally revolving worm shaft. 
generated in the process is subject to some control ‘he jerato 
through varying the pressure within the umt, and 
220 to 280°F during the 2 to 2>/a minutes required for iho mate m 1 
, i - 1 , The soybean cake or residue leaves the 

to pass through the expeller. me suy .imunrl 

^11 • .u f rtf crmll chips, which arc then generally ground 

expeller m the Var there has been a decided trend 

before marketing.- Stnee the to 

toward converting from tne exptu 

...pflifMl ihc beans are cracked, preheated 

In the 0 ^„„,es. run through grinding rolU. 

to a temperature of 140 F for 1 ji^oMng action of a wl- 

following which they y ,h„ pav^ed through tubular 

vent, such as hexane. The ^ 

driers during which it is subjccitd 

• Thf So>bttui Blue y j . 

■Eebcn Frejer. Spcn«r.KcIlo.u: a.-rJ ianc ir- . 

the aulhof, 1950. » i, **inj Ca. B-i- 7- I , , 

■J. \V. llaj»ard. -j 1=.. ■- ' - 

•Egbert Fre)cr, Spcncer*KcLw'gg 

the author. 1950. 
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for a period of about 15 minutes, sufficient to cook it thoroughly. The 
material leaves the drier in the form of flakes, which are then generally 
ground into meai. It is estimated that 70 percent of the soybeans are 
now processed by the solvent and 30 percent by the expeller method.^® 
Processing temperatures Important. Relatively high processing tem- 
peratures are necessary in the production of the various types of soy- 
bean oil meal if the protein content is to function efficiently in nutri- 
tion. Hayward and associates of the Wisconsin Station showed that 
commercial soybean oil meals which had been prepared at medium 
to high temperatures, such as expeller meals processed at temperatures 
from 233 to SOZ^F for 2Vi minutes, or hydraulic meals cooked at 
221 to 250°F for 90 minutes, contained proteins which had about 
twice the nutritive value of the protein contained in raw soybeans or 
meals processed at low temperatures. In the production of solvent 
extracted oil meal it was found that heating to a temperature of 208 °F 
for 15 minutes was effective in improving the efficiency or biological 
value of the protein. 

In metabolism and growth experiments, these investigators, using 
rats, determined that processing at high temperatures resulted in an 
increase of 3 percent in digestibility and an improvement in the 
biological value of the protein amounting to 12 percent. They sug- 
gested the possibility that the heating caused the availability of some 
essential protein factor, which is unavailable for absorption in raw 
soybeans or in the meals processed at low temperatures. That this 
concerns the amino-acid cystine was shown in later studies in which 
it was demonstrated that the addition of 0.3 percent of L-cystine to 
raw soybeans resulted in giving to the protein a value equal to that 
of the protein of meals processed at high temperatures. 

In practical feeding tests with growing and fattening pigs in the 
dry lot, it was shown at the Wisconsin and Ohio Stations that the 
soybean oil meats which were processed at medium to high temper- 
atures generally were superior in palatability and more cflicicnt in 
producing gains than those produced when relatively low temperatures 
were used. The experiments by Carroll of the Illinois Station," 
however, indicated that expeller meal processed at a temperature of 
120°F was as palatable as that which was processed at a temperature 

**\Vilfred M. Wiiz, Archcr-Danicls-Midland Co., Inform.ition to the author, 1950. 

”J.W. Hayward, H. Slcinbach, and G, BohstcUl, ^r. <?/ A’u/., Vols. It and 12, 1936. 

u J. W. Hayward, G. Uohstedl, and J. M. Fargo, /Voc. iuc. .-l/i. /*roJ., 1934. 

»\V. U Uobison. Bui. 452, 1932. 

i*\V. E- Carroll, Ills. Exp. Six, An. HpL. 1932-33. 
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of 310°F. His results also showed expeller meal to be much superior 
in palatability to hydraulic meal, regardless of the temperatures em- 
ployed. 

At the present time sufficiently high temperatures are used in all 
three methods of oil extraction to ensure palatability and maximum 
value of protein quality in the meal. From the experiments that have 
been made in which the meals produced by the three methods of oil 
extraction have been compared, it probably is safe to conclude that 
they are practically of equal value as now produced. 

Definitions. The Association of American Feed Control officials 
define the soybean products as follows: 

SOYBEAN OIL MEAL is the ground soybean oil cake or chips. A name 
description of the process of manufacture, such as expeller, hydraulic, 
or solvent extracted, shall be used as part of the brand name. It shall 
be designated and sold according to its protein content, 

EXPELLER SOYBEAN OIL CHIPS is the product obtained after ex- 
pressing part of the oil from soybeans by crushing, cooking and 
mechanical pressure using an expeller, screw press, or any other 
mechanical press. It must be designated and sold according to its 

protein content. , . , . i 

EXPELLER SOYBEAN OIL MEAL is (he product resulting from grind- 
ing expeller soybean oil chips. . . u. • i 

SOLVENT-EXTRACTED SOYBEAN FLAKES IS the product ob am d 

after extracting part of the oil from soybeans y 1 c use o so 

SOLVENT-EXTRACTED SOYBEAN OIL MEAL IS ihc produCt resulting 
from grinding solvent extracted soybean flakes. 

HYDRAULIC SOYBEAN OIL CAKE IS ihC pro UC O “‘"I- ^ 

pressing part of the oil from soybeans by crushing, cooking, and h>- 
draulic pressure. 

HYDRAULIC SOYBEAN OIL MEAl- u'*- P 
ing hydraulic soybean oil cake^ composition of the dilfcrcnt 

Composition of oil meals. The avcra^u i. p ,„,i i;,,. ..d 

y , Ml frvm'ihpr with that of coltoniLLtl anu 

types of soybean oil meal, logctncr 
meal, is shown in Table 13T 

cottonseed meals, and scry much higher than r;:; 

. rhi_*v all are j-j 


In protein content the : 

V niucn 

they all are 

minemis.'espVciilly clilcium and con.n.on salt Anno: 

phosphorus, they contain more than t\M*.w 
“Ina, Hxp. Su. Ca. 351. 1«A 
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Table 133, Composition of Oil Meals ” 


Feed 

£>ry 

Matter 

Pro- 

tein 

N-free 

Extract 

Fiber 

Fat 

Cal- 

cium 

Phos- 

phorus 

Soybean oil meal, ex- 
peller or hydraulic, 

% 

% 

% 

% 

% 

% 

% 

all analysis 

Soybean oil meal, 

90.9 

44.3 

29.6 

5.7 

5.3 

0.29 

0.66 

solvent process 

90.6 

46.1 

31.8 

5.9 

1.0 

0.30 

0.66 

Soybean seed 

Linseed meal, old proc- 

90.0 

37.9 

24.5 

5.0 

18.0 

0.25 

0.59 

ess, all analysis 
Linseed meal, solvent 

91.0 

35.4 

36.0 

8.2 

5.8 

0.39 

0.87 

process, all analysis 

90.4 

36.9 

36.3 

8.7 

2.9 



Flaxseed 

Cottonseed meal, 43% 

93.8 

24.0 

24.0 

6.3 

35.9 

0.26 

0,55 

protein 

Cottonseed meal, sol- 

92.7 

43.9 

26.3 

9.0 

7.1 

0.23 

1.12 

vent process 

90.8 

44.4 

24.3 

12.7 

2.6 



Cottonseed kernel 
Peanut oil meal, old 

93.6 

38.4 

15.1 

2.3 

33.3 



process, all analysis 
Peanut oil meal, sol- 

93.0 

43.5 

23.4 

13.3 

7.6 

0.16 

0.54 

vent process 

91.6 

51.5 

27.2 

5.7 

1.4 



Peanut kernel 

Peanut oil feed, 

94.6 

30.4 

11.7 

2.5 

47.7 

0.06 

0.44 

tinhulled 

93.1 

35.0 

21.4 

22.5 

9.2 



Corn germ meal 

Corn oil meal, old 

93.0 

19.8 

53.2 

8.9 

7.8 

0.03 

0.34 

process 

91.7 

22.3 

49.0 

10.3 

7.8 

0.06 

0.56 


of calcium. They also are deficient in those growth-stimulating vita- 
mins, which are essential for health and production, efficiency, namely, 
A, D, and those belonging to the B-compIex and related groups. 

Another characteristic of some significance possessed by all the oil 
meals is their large swelling capacity when soaked in water. The 
swelling factor (the soaked and centrifuged volume times the dry 
volume) for linseed meal is 3.76, for expellee soybean oil meal 2.57, 
and for cottonseed meal 2.41 (see page 184). 

Solvent-extracted soybean oil meal, because of the more complete 
extraction of the oil, contains considerably less fat and more protein 
than the meals produced either by the expeller or hydraulic process. 

F. B. Morrison, FeeJs and Feeding, 2Ist cd,, Table I, Appendix, 1948. The 
Morrisoa Publishing Co., Ithaca, N. Y. 
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A slightly greater supplemental value, therefore, should be expected 
of it. 

Soybean oil meal and tankage compared. Without exception, ex- 
periments comparing these two protein supplements for growing and 
fattening pigs in the dry lot have given results which favor the tankage. 
The summarized results of 12 trials made by Robison of the Ohio 
Station,'! shown in Table 134, are representative of such studies. In 
these trials 55-pound pigs were fed in dry lots to weights approxi- 
mately of 200 pounds. The rations were so constructed that approxi- 
mately the same amount of protein and minerals was fed in both 
rations. 


Tabic 134. Soybean Oil Meal rersas Tankage for Groning and paltcning 
Pigs in llie Dry Lot 


(Average 12 Exiteriments) 


Initial 

Daily Feed 

Daily 

Feed Required 


Weight 

Consumption 

Gain 

to Produce 

Rations 

per Pig 

per Pig 

per Pig 

1 Cha Gain 


Ib. 

lb. 

lb. 

lb. 

Corn + tankage + 
minerals 

55 

4.57 

3.13 

406 

Corn + soybean oil 
meal + minerals 

55 

4.37 

1.07 

409 


The tankage ration proved more palatable and produced somewhat 
faster gains. Neither ration, however, is complete. Both arc dcncicnt 
in vitamin D, and those belonging to the B-compIcx group, and the 
soybean ration is lacking in addition the important animal prolcm 
factor or factors (APF). For younger pigs especially, a ration of 
yellow com, soybean oil meal, and minerals is inadequate, resulting 
in loss of appetite, a declining rate of gain, and the development of 
skin afflictions toward the end of the feeding period (see page 228) 
When soybean oil meal and tankage are compared for pigs on good 
forage, with minerals added to the soybean rations, the e.xperiments 
show them to be practically equal in clliciency. as was shown m Table 

^^Some type rations containing soybean oil meal. Below are gben a 
few exampRs of satisfactory rations for the dUIcrent ^ 

in which soybean oil meal is believed to be most ethcienUs enip.o.-d. 
A. For fall pigs during the winter: 

”W. L, Robiion. Bi-MoniWy BoL 2Z3. W3. 
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1. Com or other grains, self-fed, a mixture by weight of soy- 
bean oil meal 25 percent, tankage or meat scraps or fish meal 
25 percent, and alfalfa meal 50 percent, self-fed, a simple 
mineral mixture, self-fed. 

2. Ground corn or other grains 74 to 80 percent, soybean oil 
meal 8 to 5 percent, tankage or meat scraps or fish meal 8 to 
5 percent, and alfalfa meal 10 percent, mixed and self-fed, -|- 
a simple mineral mixture, self-fed. 

B. For full-fed pigs on good forage: 

1. Com or other grains, self-fed, -|- a mixture of finely ground 
oats 50 percent and soybean oil meal 50 percent, self-fed, -f- 
a simple mineral mixture, self-fed. 

2. Ground corn or other grains 88 to 92 percent, soybean oU meal 
8 to 6 percent, meat scraps or fish meal 4 to 2 percent, mixed 
and self-fed. 

C. For pregnant sows and gilts during the last half of winter gesta- 
tion period: 

1. A mixture by weight of ground com or wheat 30 percent, finely 
ground oats or barley 30 percent, and prime alfalfa meal 32 
(or mote) percent, 6 percent soybean oil meal, and 2 percent 
of tankage or meat scraps, self-fed, -|- simple mineral mixture, 
self-fed. 

2. A mixture of ground com 45 to 50 percent, ground oats 31 
percent, alfalfa meal 10 to 15 percent, soybean oil meal 6 per- 
cent, and tankage or meat scraps 3 percent, hand-fed, either 
dry or as a slop, in an amount to maintain the right condition 
and weight, -|- simple mineral mixture, self-fed. 

D. For sows nursing pigs: 

1. After sows are on full feed, self-feed a mixture composed of 
ground grains 88 percent, soybean oil meal 8 percent, and 
tankage or fish meal 4 percent, -|- a simple mineral mixture, 
self-fed, -h green forage. 

2. For dry lot conditions, after sows are on full feed, hand-feed 
according to appetite and condition of the sows a mixture of 
ground grain 70 to 75 percent, wheat middlings 10 percent, 
alfalfa meal 5 to 10 percent, soybean oil meal 8 percent, and 
meat scraps 2 percent, -f- simple mineral mixture, self-fed. 

SOYBEANS 

Practically all of the immense tonnage of soybeans now harvested 
in the country is used for its oil; less than 2 percent of the production 
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is fed. Formerly their use as a home-grown protein supplement in 
swine rations was fairly general, and many experiments were con- 
ducted, comparing them with tankage and other supplements. 

Two principal reasons are responsible for the decline in the use of 
soybeans for feed: the increasing popularity and use of soybean oil in 
the manufacture of lard substitutes, margarine, and paints give to the 
beans a market value which is higher than their feed value, and sec- 
ondly, the higli oil content of the beans, averaging about 18 percent, 
results in the production of soft carcasses when the beans are fed 
throughout the growing and fattening period. 

Raw soybeans, either ground or whole, are not very palatable. Ex- 
periments at the Ohio, Indiana, and other stations have shown that 
cooking or roasting the beans increases markedly their palatability and 
gain-producing efficiency, especially when fed under dry-lot condi- 
tions. Whole soybeans have been shown to be equal or slightly 
superior to ground soybeans. 

Whole soybeans can be fed successfully, however, when, because 
of price or w.eather damage, they cannot be marketed profitably. Their 
most profitable use, probably, is secured when they are cooked or 
roasted and the amount fed limited to constitute about one-half the 
protein supplement, part of which should be meat meal, fish meal, or 
other feeds of animal origin. To make the ration complete, green pas- 
ture must be available, or alfalfa meal fed in an amount to equal 
about 10 percent of the ration by weight. A simple mineral mixture, 
self-fed, also is required, especially under dry-lot conditions. 

LINSEED MEAL 

Practically all of the flaxseed grown in the country is used in the 
manufacture of linseed oil. Linseed oil meal or linseed meal repre- 
sents the dried and ground residue which remains of the flaxseed after 
most of the oil has been extracted. This is a fairiy rich protein feed, 
highly prized as a supplement for ail classes of livestock. Its produc- 
tion is about one-fifth of that of soybean oii mcai, which— along 
with its popularity as a cattle and sheep feed — means that it occu- 
pies a secondary position as a protein concentrate in pork produc- 
tion. 

Definitions. Three methods arc employed in the extraction of the 
oii, as in the case of soybeans, namely, hydraulic (old process), cx- 
peller, and solvent, and are defined as follows by the Association of 
American Feed Control Officials: 

"The Feed Bas. Ked Bool. 1950. 
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HYDRAULIC LINSEED OIL CAKE is the product obtained by expressing 
part of the oil from flaxseed by crushing, cooking, and hydraulic pres- 
sure. It must be designated and sold according to its protein content. 
HYDRAULIC LINSEED OIL MEAL IS ground hydraulic linseed oil cake. 
EXPELLER LINSEED OIL CHIPS IS the product obtained by expressing 
part of the oil from flaxseed by crushing, cooking, and mechanical 
pressure, using an expeller, screw press, or any other mechanical press. 
It must be designated and sold according to its protein content. 

EXPELLER LINSEED OIL MEAL is the product obtained by grinding 
expeller linseed oil meal chips. 

SOLVENT-EXTRACTED LtNSEED OIL FLAKES is the produot obtained 
by extracting part of the oil from flaxseed by using a combination of 
mechanical pressure and solvents or by the use of solvents alone. It 
must be designated and sold according to its protein content. 

SOLVENT-EXTRACTED LINSEED OIL MEAL is the product obtained 
by grinding solvent extracted linseed oil flakes. 

LINSEED CUBES OR PELLETS consist of linsecd oil meal which has 
been processed through a cubing or pelleting machine. They shall be 
firm, but not flinty, of sweet odor, free of mold, and, when ground, 
shall produce linseed oil meal as defined. 

Linseed meal, in other words, is the finely ground cake, chips, or 
flakes obtained in the various methods of oil extraction. 

Most of the processors are now using the expeller method in the 
extraction of the oil from flaxseed. The hydraulic process had prac- 
tically disappeared by 1942. It is estimated that only a small percent- 
age of the mills have been converted from the expeller to the solvent 
method although there is a definite trend in that direction. 

Composition and feeding qualities of linseed meal. The protein 
content of linseed meal averages about 36 percent, which is 8 to 10 
units less than it is in soybean oil meal or cottonseed meal. Like the 
other oil meals and protein supplements of plant origin, linseed meal 
is especially deficient in calcium, common salt, and vitamins, and its 
protein quality is only of fair value. The quality in linseed meal most 
highly esteemed by the feeder is its laxativeness, the result probably 
of the residual oil and the high swelling factor of 3.76, It also is 
credited with the ability to impart a natural gloss or sheen to the hair 
coat, a feature of some importance in hogs fed for show. 

Linsecd meal and tankage compared. There have been numerous 
experiments in which linseed meal and high-grade tankage have been 
compared in rations for growing and fattening pigs, both under dry-lot 
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and forage conditions. In some of these the corn-!m^Lcd r.-iion v.a.'i 
supplemented with mineral additions to make it similar in this par- 
ticular to the tankage ration; in others the same mineral ni'\t<irL .'.a; 
fed in both lots; and in still other cases no minerals were LJ ip cifhcr 
lot. In some of the comparisons the feeds were self-fcd. trac-^l.i 
while in some they were mixed in definite proportions and th.n ^v•l^ 
fed, or hand-fed according to appetite. Most of the trials ^tnered ih.- 
period from soon after weaning to the time market ueielu.s v«.cr^ at 
tained, while in others it included the finishing period only 

A systematic study of the results obtained in these dilfercnt experi- 
ments appears to support the following general observaiioiK rel.mvc 
to the efficiency of these two protein supplements. 

In practically every instance, regardless of the method of feedm : 
employed or the conditions under which the experiments were rim, 
the pigs receiving tankage gained considerably faster than iho -e pettin^; 
linseed meal. The diflcrencc varied, as a rule, from 10 to 50 perwen: 
for the dry-lot experiments and less than this maximum when for.i -e 
was available. The younger die pigs also, the greater w.is the thiferen^e 
in rale of gain. This dillcrencc was due to the larger conuiinpiiiMi of 
the ration containing the tankage and to a greater variet) of fi***! 
deficiencies in the linseed ration. 
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Table 135. Linseed JHeal versus Soybean Oil Meal for Croniag 
and Fattening Pigs 
(Average 3 and 2 Experiments) 


Rations 

Daily Feed 
Consnmpiion 

Daily 

Gain 

Feed Required 

I Cwt. Gain 


lb. 

lb. 

lb. 





Corn 

•312.31 

Corn + soybean oil meal + 



Soybean oil 


minerals — Forage 

4.60 

1.327 

meal 

34.32 




Total 

346.63 




Corn 

314.45 

Corn + linseed meal -f 



Linseed 


minerals — Forage 

4.50 

1.278 

meal 

39.30 




Total 

353,75 




Corn 

400.13 

Corn 4- soybean oil meal + 



Soybean oil 


minerals — Dry lot 

4.31 

0.966 

. meal 

46.31 




Total 

446.44 




Corn 

435.30 

Corn 4- linseed meal 4- 



Linseed oil 


minerals — Dry lot 

4.59 

0.970 

meal 

38.41 




Total 

473.71 


oil meal was worth about 20 percent more than the linseed. The num- 
ber o£ experiments was too limited and the variation in the results o£ 
the dry-lot trials too great, however, to make the result conclusive. 

Allowing for the difference in protein content, these two supple- 
ments may replace one another in swine rations generally without 
affecting the results noticeably. 

COTTONSEED MEAL 

Cottonseed meal represents the dried and ground residue which re- 
mains after most of the oil has been removed from the cottonseed 
kernel. The production of cottonseed cake and meal in the United 
States in 1948 was 4,799,200 tons, of which 1.7 percent was exported 
(net export).-'! relatively small proportion of this supply, however, 
is fed to hogs. This is caused by its popularity as a protein concen- 
trate for dairy cows and fattening steers, by its extensive use in the 
West and Southwest to supplement the winter feed supplies for range 

« Feed Stalislics, U.S.D.A., Bu. Asf* Ec., Statistical Bui. 85, 1949. 
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Stock, and finally by the general belief that when fed to hogs there is 
danger of poisoning. 

Composition of cottonseed meal. Chemical analysis of cottonseed 
meal gives it a composition very similar to that of soybean oil meal 
Its protein content varies usually from 38 to 45 percent, depending on 
the grade, which is considered to be only of fair quality. The fat ranges 
from 2 to 7 percent, and the fiber content from 9 to 12 percent Like 
the other protein feeds of plant origin, it is very deficient in caiciura 
and common salt. It contains little vitamin A or D activity, hnuicd 
amounts of the B-complex vitamins, and probably none of ilmse ne\'. 
vitamins which have been associated with the animal protein laeior 
Methods of cottonseed oil extraction. The hydraulic process, in 
which the oil is removed in hydraulic presses, is still predornin.int 
among cottonseed processors, although the screw-press cxpellcr tvpe 
has gained in popularity during the past 10 years. The solvent extr.ii.' 
tion method is a very recent development; only three or four nulls are 
reported as using it at the present time.-- 

Definitions. The principal cottonseed products suitable for swine 
feeding are described by the Association of Feed Control OllieiaJs 
as follows: 
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to a compound called gossypol. When extracted gossypol was fed to 
pigs, it produced the symptoms characteristic of cottonseed-meal 
poisoning. 

Sewel of the Alabama Station in extensive studies, using rats, 
chicks, and hogs, showed rather clearly that the toxicity of cottonseed 
meal was due primarily to the jree gossypol. He found in analyzing 
the meals from 16 mills in Alabama, practically all of which were 
using the hydraulic process, that the free gossypol ranged from 0.055 
to 0.255 percent, and the bound gossypol from 0.627 to 1.041 per- 
cent. When the meal containing the least amount of free gossypol was 
fed to hogs at the level of 25 percent of the ration, it proved to be 
toxic. The meal containing the larger amounts killed 6 of 8 hogs, but 
was not toxic after the free gossypol had been eliminated. 

Cottonseed meal may be fed safely. As the result of much research 
and many practical experiments, it has been shown how cottonseed 
meal may be used in swine rations safely. 

Hale of the Texas Station,-'^ in a comprehensive series of experi- 
ments from 1924 to 1928, demonstrated that it could be fed safely to 
all classes of hogs when certain restrictions as to the amount and con- 
ditions were observed. His tests seem to furnish conclusive evidence 
that as much as 9 percent of cottonseed meal in the ration can be fed 
to brood sows, boars, and nursing pigs with entirely satisfactory re- 
sults. As much as 15 percent was fed to several sows through six 
successive gestation and lactation periods without producing any ill 
eflects. The appetite of the sows was better, however, when the ration 
was changed to one containing 9 percent of cottonseed meal and 4 
percent of tankage. His trials also showed that creep rations, contain- 
ing 9 percent of cottonseed meal, produced pigs at weaning time equal 
in weight and appearance to those fed tankage. The meals fed in these 
experiments were untreated and, presumably, produced by the usual 
hydraulic process of oil extraction. 

Methods that help to render cottonseed meal harmless. Many ex- 
periments, particularly those begun by Robison of the Ohio Station 
in 1928, have shown that the toxic qualities of cottonseed meal could 
be destroyed or greatly reduced by autoclaving, i.e., by moistening and 
cooking under 14 pounds of steam pressure for one hour. Robison 
fed 14 different lots of pigs an average of 13.6 to 21,2 percent of un- 

“W. E. Sewell, Bui. 259. 1943. 

“Frci Hale, Bui. 410, 1930. 

*'W. L. Robisou, Bui. 534, 1934 and Bi-Monthly Bui. 199, 1939. 
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treated hydraulic cottonseed meal in the ration to gronin:! and fattcr> 
ing pigs in the dry lot. Fifty-three percent of the pigs die i hciore tiie 
tests were terminated. Two other groups of similar jnes \^ere f.d Ir,- 
draulic meal that had been moistened and autoclaved one hour at the 
level of 18.4 and 21.2 percent of the ration. No deaths oceurrtd in 
these lots. 

In five feeding trials Robison of the Ohio Station compareiJ iron- 
treated hydraulic meal with untreated meal when fed at a level of 
about 16 percent of a ration of corn, 4 percent of alfalfa meal, and 
minerals. The iron treatment consisted of adding 2 pounds of copper.js 
(iron sulphate), in solution, to 100 pounds of the cottonseed meal 
The 49 pigs fed the iron-treated meal made the average daily gam of 
0.93 pound, none showing any evidence of poisoning. Of the 49 pig> 
fed the untreated meal, 31 succumbed during the feeding period. 

Robison describes the symptoms of cottonseed meal poisoning as 
follows: “Loss of appetite, a general listlcssness, an anemic appear- 
ance, thumping, or labored breathing, and eventualJy de.ith. ' Pow- 
mortem examination showed “large quantities of an amber-colored 
serous fluid in the peritoneal and plural cavities, and inllanirn.ition ot 
the blood vessels of ilic intestines and mc.scniary.*’ 
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Experimental feeding trials. Since from 14 to 16 percent of cotton- 
seed meal alone in the ration would be necessary to supply sufficient 
protein to balance the grain, it is apparent that the safe procedure to 
follow when feeding it is to include a second protein concentrate, 
preferably of animal or marine origin. Hale of Texas recommends a 
supplement in which cottonseed meal represents 9 percent and tankage 
4 percent of the ration, or 9 percent of cottonseed meal and one-half 
gallon of skim milk daily to each pig. We now know that the inclusion 
of an animal protein concentrate to such a ration is highly desirable 
also from the standpoint of the supply of a number of vitamin-like 
factors. 

Foster and Hostetler of the North Carolina Station showed by 
the results of four dry-lot experiments with pigs weighing about 80 
pounds at the start that a mixture of equal parts fish meal and cotton- 
seed meal was superior to fish meal alone when fed as a supplement 
to a ration of corn and minerals. Experiments generally have also 
shown that practically as good results may be obtained from rations 
balanced with tankage and cottonseed meal as from those balanced 
with tankage and either linseed or soybean oil meal. 

Robison of the Ohio Station summarized the results of 20 experi- 
ments in which cottonseed meal replaced linseed meal in the Wiscon- 
sin or trio-mixture for growing and fattening pigs, both in the dry lot 
and on pasture. The averaged results were in close agreement, al- 
though the pigs receiving the linseed made slightly faster gains in the 
dry-lot trials. 

Rations containing cottonseed mcai. The following rations contain- 
ing cottonseed meal are both efficient and safe for feeding the different 
classes of hogs. 

A. For jail pigs during the winler: 

1 . Com or other grain, self-fed, -J- a mixture by weight of cotton- 
seed meal 25 percent, tankage or meat scraps or fish meal 
25 percent, and alfalfa meal 50 percent, self-fed, a simple 
mineral mixture, self-fed. 

2. Ground corn or other grain 74 to 80 percent, cottonseed meal 
8 to 5 percent, tankage or meat scraps or fish meal 8 to 5 per- 
cent, and alfalfa meal 10 percent, mi,\cd and self-fed, -j- tt 
simple mineral mixture, self-fed. 


** J, E. Foster and Earl H. Hosteller^ Tech. Bui. 56, 19*3. 
*» \V. L. Robison, Bui. 534, 1934. 
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For full-fed pigs on good forage: 

1. Corn or other grain, self-fed, a mixture of two parts cotton- 
seed meal and one part fish meal or meat scraps, by weight, 
self-fed, -f- a simple mineral mixture, self-fed. 

2. Ground corn or other grain 88 to 92 percent, cottonseed meal 
8 to 6 percent, meat scraps or fish meal 4 to 2 percent, mixed 
and self-fed, -|- a simple mineral mixture, self-fed. 

For pregnant joivj and gilts during the last half of the gestation 

period: 

1. A mixture by weight of ground corn or wheat 30 percent, 
finely ground oats or barley 30 percent, and alfalfa meal 32 
(or more) percent, 6 percent of cottonseed meal, and 2 percent 
of tankage or fish meal, self-fed, -f- a simple mineral mixture, 
self-fed. 

2- A mixture of ground corn 45 to 50 percent, ground oats or 
barley or wheat 31 percent, alfalfa meal 10 to 15 percent, cot- 
tonseed meal 6 percent, and tankage or meat scraps or ^i^h 
meal 3 percent, hand-fed, either dry eras a slop, in an amount 
to maintain the right condition and weight, -j- a simple mineral 
mixture, self-fed. 

For sows nursing pigs: 

1, After sows are on full feed, self-feed a mixture composed of 
ground grains 88 percent, cottonseed meal 8 percent, and meal 
scraps or fish meal 4 percent, -f a simple mineral mixture, self- 
fed, green forage. 

2. For diy-lol conditions, after sows arc on full feed, hand-feed 
according to appetite and condition of the ^ow^ .j mixture i>f 
ground crain 70 to 75 percent, wheal imddhng'k It) ixreent. 
cottonseed nic.il 7 percent, taiA.ige or meat scraps or Iidi n.cal 
3 percent, and alfalfa meal 5 to 10 percent. -- a simple nunjul 
mixture, self-fed. 
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Government’s price-support program, were responsible for price in- 
flation during the postwar period, and a high general price level was 
the result. 

The average monthly farm priees of these grains per hundredweight 
from 1939 to 1948 inclusive arc shown in Fig. 57. The prices received 
by farmers for all the grains dropped from January to February, fol- 
lowing which they tended to advance until the beginning of the harvest 
season for the respective crops, after which a tendency to decline for 



Fig. 57. Average monthly farm prices of the common cereal grains in the 
United States, 1939 to 1948, inclusive (Feed Statistics, U,S.D.A,, Bu. Agr, Ec., 
Statistical Bid. 85, 1949). 

a time is apparent. The price of com varied from month to month 
more widely than that of any of the other grains. The seasonal or 
prospective seasonal demand on the available or prospective seasonal 
supply normally may be expected to determine the price at any given 
time. 

Composition of the cereal grains. The deficiencies of corn and the 
other cereal grains in meeting the nutritional requirements of the pig 
have been discussed in some detail in Chapters VII and VIII. Some 
but not all of these deficiencies are revealed by the usual chemical 
analysis, as shown in Table 137. 

These grains are all characterized by a very high carbohydrate con- 
tent, a rather low supply of protein, and a marked deficiency of the 
important mineral element calcium. They also are deficient in most of 
the other minerals, especially of common salt. The protein quality 
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whole com. On the average, the efficiency of the two was practically 
equal. 

It appears from all these experiments that older pigs profit more 
from grinding than do younger ones. In the early Indiana trials, in 
which the effect of the age or weight was especially studied, no differ- 
ence either in the rate or the amount of feed required for a unit of 
gain was found between whole and ground com for pigs fed from 78 
to 150 pounds; while for pigs fed from 180 to a final weight of 300 
pounds somewhat faster and more efficient gains were made on the 
ground corn. 

On the whole, it may be concluded that grinding corn for growing 
and fattening pigs up to market weight is unnecessary. When facilities 
are available on the farm, however, and/or when it is desired to feed 
with it other ground grains, or/and supplements in definite propor- 
tions, the cost of grinding may be more than compensated for by the 
greater ease of mixing and feeding. Especially should this be tme for 
the older breeding classes of hogs. 

Fine grinding of corn not advisaWe. Results obtained at the Wis- 
consin and Pennsylvania Stations ** indicate rather clearly that 
finely ground com is less suitable for growing and fattening pigs than 
corn ground medium or coarse. Four comparisons were made at each 
station, some in the dry lot and some on pasture. The com was ground 
in a hammer mill, using % 2 -, %o"> and ^-inch screens, respectively, 
for the production of the fine, medium, and coarse. 

In six of the eight trials, the pigs which received the medium-ground 
corn made faster gains and required slightly less feed to produce a 
unit of gain than either group fed the coarse- or fine-ground com. On 
the average, the pigs oa the medium-ground com gained 5.5 percent 
faster than those on the fine-ground, and 2.6 percent faster than those 
fed the coarse-ground com. 

The power requirements for fine grinding also are much greater 
than for medium or coarse grinding. Results of the tests made at the 
Pennsylvania Station showed that the number of kilowatt-hours re- 
quired for each 100 pounds of feed was 55 percent greater for pro- 
ducing fine (modulus, 1.99 to 2.22) than for medium (modulus, 2.42 
to 2.77), and 55 percent greater for medium than for coarse ground 
(modulus, 3.06 to 3.25). 

**G. Dohstedt. B. H. Roche. J. M. Fargo. I. W. Rupel, and F. W. Du/tee, Proc, Am. 
Soc. of An. Prod., 1931. 

”M. A. McCjsrty, J, E- Nicholas, and T- B. Keilh, Bui. 326, 1936, 
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Some open-pollinated varieties may be superior to some hybrids, 
and the reverse probably is true when other varieties are compared.’ 
Of the several hybrids and open-poUinated varieties tested in these 
experiments there is no basis for the claim that either, in general, is 
superior to the other. 

Moisture content and hardness important factors. Robison of the 
Ohio Station concludes several years’ study of the factors in- 
fluencing the feeding value of corn with the following significant ob- 
servations: 

1. Pigs preferred some corn to others. Of those tried, the less palatable corn, 

when it was fed separately — that is, when it was the only one available pro- 

duced practically as rapid and as efficient gains as the more palatable ones. 
The preferences were not for open-pollinated as against hybrid corns but ap- 
parently were influenced, directly or indirectly, by the moisture content of the 
corns. 

2. Consistently, a higher value was obtained for a hard dent hybrid corn 
than for one that was not so hard. On an equivalent moisture basis, it showed 
an average worth of 6.9 percent greater a pound than the standard corn. 
The average amounts of moisture in the bard and softer corn as fed were 17 and 
19 percent, respectively. The advantage of the hard over the softer corn de- 
creased as the feeding period advanced. 

3. Flint corn, which was still harder produced a trifle less, rather than more, 
gain per unit of feed than the standard dent hybrid corns. As with the hard 
hybrids, the relative effectiveness of the flint corn decreased as the pigs became 
heavier. 

4. Drying hard dent hybrid corn to summer dryness, or an average of 10.3 
peicetvt o£ moisture, appareully did not reduce its palatability but lowered it's 
effectiveness or feeding value. Its average worth was 93 percent that of tbc 
Standard and 88 percent that of the undried hard corn. 

5. Immature corn, that was kept from molding by drying, was worth fully 
as much, per pound of dry matter contained, as was mature corn. The loss from 
late planted or immature corn, that is kept without spoiling, is in a reduced 
yield of grain, on a dry matter basis, per acre rather than in a lowered feeding 
value, per pound of dry matter produced. 

6. On an equivalent moisture basis, except when molded, the long-reason or 
late-maturing corn, like the immature corn, showed a feeding value a pound 
high as that of standard corn. 

7. Freezing did not impair the nutritive value of immature corn. 

8. Molded corn was worth 88.7 percent as much a pound, on an equivalent 
moisture basis, as sound corn. Doubtless, the worth of moldy corn vanes wit.h 
its condition. 

General conclusions. The following general obscrvatioriv and con- 
clusions conceniing com appear to be warranted by the expcrin:ental 
studies which have been made. 


»*\V. L, Robiua, UunonShJ* B.4. 
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Based on observations made during the progress of the experi- 
ments and the final results, the authors concluded as follows: Young 
pigs masticate whole com more thoroughly than do older hogs. Young 
pigs do not relish dry ground com as do older hogs. Soaking com is 
more advantageous for 200-pound hogs on pasture than when in the 
dry lot. Shelled com soaked 12 hours is better than that soaked 24 
hours. Hogs under 200 pounds in weight made the most economical 
ga_ins when their com was fed in the form of dry ear com, although 
shelled com soaked in water 12 hours made slightly faster gains. 
Hogs over 200 pounds in weight made more economical gains on 
sheiled com soaked in water 12 hours than on dry ear corn or ground 
com in either form, and the gains on soaked shelled com were 
nearly as rapid as on any of the other forms in which com was 
fed. 

Hybrid and open-poUinatcd com compared. Experiments at the 
Indiana,^^ Miiuiesota,^” and Ohio Stations suggest that any differ- 
ences in the feeding value of hybrid and open-pollinated com are 
due less to differences between the varieties than to variations which 
occur within the variety itself, such as in moisture content, hardness, 
grade, or general soundness. Four trials were run at Indiana, two at 
Minnesota, and eight at Ohio. In each case a standard variety of open- 
pollinated com was compared with two popular types of hybrids. At 
the two former stations, the rations, including the protein concentrates 
and mineral mixtures, were self-fed, free-choice; at Ohio the com and 
protein supplement were mixed together and self-fed. Excepting in 
Indiana trials, the pigs were confined to dry Jots. The pigs averaged 
about 50 pounds at the start and in all cases were fed to market 
weight. The results as averaged are summarized in Table 140. 


Tabic 140. Hybrid versus Opcn-pollinalcd Corn for Grossing and 
Fattening Pigs 
(Average 14 Experiments) 


Rations 

A verage 
initial 
iVcight 

Average 

Daily 

Gain 

A verage Concentrates 
Daily Required 

Feed per 

Consumption / Cwt. Gain 


lb. 

lb. 

Ib. 

lb. 

Hybrid com 

50 

1.49 

5.71 

383 

Opcn-pollinatcJ corn 

50 

1,50 

5.68 

379 


s*C. M. Vestal, Minsco. Rpls., 1939 and 1940. 

Kg' p. Fcrria and D. W. iohnson, Minsco. 11-18, 1941. 
It w. L, Itobison, Dimonthly Bui. 238, 1944. 
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1. Young pigs up to a weight of about 125 pounds do as well on 
whole com, fed shelled or on the ear, as on ground com. For older 
pigs and the breeding classes, however, grinding is often justified by 
the slightly faster gains secured and greater convenience in mixing and 
feeding. 

2. Grinding to a medium degree of fineness is preferred either to 
fine or coarse grinding. Young pigs especially do not take kindly to 
finely ground meal. 

3. There is no advantage for shelled over ear com except that it 
may be a more advantageous method of feeding it. 

4. Pigs over 100 pounds in weight usually will gain faster on 
soaked shelled com than on dry shelled com, and faster on soaked 
ground corn than on dry ground com. This is especially true when 
they are on forage. 

5. On the basis of the trials made, hybrid and open-pollinated 
com have been shown to have equal values, on the average. 

6. Differences in the value of com are due chiefly to differences in 
soundness and moisture content. Hard dent com is superior to imma- 
ture corn; on the dry-matter basis, however, immature corn that has 
been kept free of mold by drying is equal to hard com. 

7. Flint com is a trifle less efficient than standard-dent hybrid 
corns. 

8. Because of its high fiber content, corn and cob meal (ground 
car com) is too bulky and indigestible to be suitable for pigs. The 
tough robber}' character of the cob atso makes fine grinding difdctilt 
and costly. 

9. Normally, when pigs are changed from a diet of soaked or 
ground com to one of dry shelled or ear com they experience a tem- 
porary check in gains. 


OATS 

The tonnage of oats produced in the United States from 1943 to 
1947, inclusive, was approximately one-fourth that of corn. This crop 
is a fixture in many Com Belt rotations and is extensively grown in 
the small grain-growing areas of the North and Northwest. Although 
the horse and mule population has continued to decline, the farm price 
of 100 pounds of oats from 1939 to 1948, inclusive, was 96 percent 
of 100 pounds of com (see Figs. 56 and 57). For the months of July, 
August, and September, however, when normally com prices arc high- 
est of the year and oat prices lowest, com averaged during this period 
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oals as com were consumed. That it is the hull o£ the oat grain, which 
pigs object to, was shown by the fact tliat twice as much hulled oats 
as corn were eaten in Lot IV. 

Oals and corn compared forgrouing and fattening pigs. Oats alone 
cannot be fed to growing and fattening pigs with the e.xpcctation of 
maximum gains even when adequately supplemented. Tliis is espe- 
cially true when the pigs arc young. Numerous c.xpcrimcnts as well as 
everyday observations testify to this fact. They may be very success- 
fully used, however, if they arc ground and mixed in certain limited 
proportions with other, less bulky grains. 

Rather extensive experimental studies have been made by the vari- 
ous stations, particularly at Illinois,-'* Indiana, and Ohio,-- concern- 
ing the value of oals when substituted for corn in whole or part in 
well-balanced r.itions for market pigs. In Table 142 arc given the 
estimated or computed values of oals in terms of corn which seem to 
liarmoni/.c most closely with all the results which have been obtained 
in well-controlled experiments. In all cases tlicse trials were con- 
ducted under dry-lot conditions with growing and fattening pigs fed 
to approximate market weight, the rations being balanced with tank- 
age or the trio-niixluro of two parts tankage, one part linseed meal, 
and one part alfalfa meal, and usually a mineral mixture in addition. 
In practically all cases the oals were ground medtuiii or fine. Tlio 
corn was generally ground or cracked and mixed with the ground 

Talilc lal. CuiupulcO Values of Giuuuil Oals Jii Ttniis of Cora «licn 

Ucptiriiis Com in Ilatluns tor Clonine anj Katlcntus bias In Dry Lot 
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oals and the mixture self-fed. The rations were fed dry in all the 
experiments. 

From tliesc results it would appear that good quality oats may be 
used successfully to replace a third of the corn without affecting the 
gains made by the pigs. In fact, when only one-fifth to one-fourth as 
much oats as corn are fed the gains arc likely to be a little faster than 
on the cont ration. When the ration is more than one-third oats, how- 
ever, the rale of gain tends to decrease as the proportion of oats in- 
creases. When the corn is wholly replaced by oats, the pigs normally 
may be expected to gain only from 65 to 75 percent as rapidly as those 
on corn alone and supplement. Much depends, however, on the quality 
of the oats. 

Since replacing corn with oats results in a reduction or saving in 
the amount of the protein supplement consumed, the computed value 
of oats in terms of corn is modified considerably when different values 
are placed on a pound of the supplement. 

The above experiments were all conducted under dry-lot conditions. 
When pigs are on forage there is reason to believe that the value of 
oats would be no more, probably less, than when fed in the dry lot, 
because the bulky character of the forage leaves little space in the 
stomach of the pig for the accommodation of other bulky feeds. In 
three trials by Robison of the Ohio Station in which a ration of 
3‘r4 parts com and one part oats with supplement was compared with 
corn and supplement for pigs on forage, the oats had a computed 
value of 67.7 percent of that of the com. 

Oats for brood sows. For feeding pregnant brood sows during the 
winter or summer, or the development of young breeding stock, oats 
have a larger place and a much higher value than when used for full- 
feeding market pigs. They can very appropriately constitute a larger 
proportion of the grain ration. If they are of good weight and cheap in 
price they may be fed as the sole grain. As a rule, for sows nursing pigs 
and young gilts and boars on forage, no more than one-half oats in 
the grain mixture will give the best results. 

Oats should be ground. In Table 143 are summarized the results of 
eleven dry-lot experiments, each of which was undertaken for the pur- 
pose of determining if it paid to grind oals for growing and fattening 
market pigs. Eight of the experiments were made at the Illinois Sta- 
tion and three at the Indiana Station.-'' Only those oat rations were 

**W, L. Robison, Bui. 607, 1939. 

**W. E. Carroll, Cir. 414, 1933 and BaL 436, 1937. 

**C. M. Vestal, Mimeo. Rpts., 1928. 
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considered in which the amount of oats fed was limited to the pro- 
portions known to give satisfactory results, ranging from two parts 
com to one of oats to four parts com to one of oats. In most of the 
experiments the ratio was 3 to 1. The oats used weighed from 27 to 
32 pounds to the bushel. The oats were ground medium or fine in 
nearly all cases; in two the grind was coarse. The corn and oats were 
mixed together and cither self-fed or hand-fed according to appetite. 
The corn was cracked in the Illinois experiments and fed shelled in the 
Indiana trials. In all cases the rations were fed dry. The supplement 
was either tankage or the trio-mixture. 


Tabic 143. Whole versus Ground Oats for Growing and Fattening Figs 
(Average II Experiments) 



Daily Feed 

Daily 

Feed Required 

Rations 

Consumption 

Gain 

for / Ch7. Gain 


lb. 

lb. 

lb. 





Corn 

305 

Corn -f- whole oats 



Whole oats 

131 

supplement 

5.57 

1.144 

Supplement 

51 




Total 

487 




Corn 

274 

Corn 4- ground oats + 



Ground oats 

125 

supplement 

5.53 

1.237 

Supplement 

48 


Total 447 


The nite of gain on the ration containing the ground oats was on 
the atenige S percent faster than on the comparable ration in which 
the oats were fed whole. In none of the Illinois experiments, however, 
was there any .significant dilTcrcnce in the rate of gain. 

With respect to the saving of feed cITccted by grinding the oats, the 
results indicate a rather decided advantage in favor of grindine. In no 
single tri,il did the grinding fail to reduce the amount of feed required 
to produce a unit of gain. On the average, 100 pounds of ground oats 
had a v.ilue ctiual to 105 pounds of whole oats, 24.8 pounds of com, 
and 2.4 (Xiunds of supplement. Converting the corn and supplement 
to terms of o.ils, by using relative ascnige prices as the basis, 100 
jHjunds of ground oats were worth 133 pounds of the whole oats; or 
the whole oats were worth only 75 percent as much as the ground o.its. 
'nils dilference is more than double the usual cost of grinding. The 
fact that piiys waste more oats wlicn they are fed wliole than ground 
is probably the principal reason for the dillcrcnce in value. Ground 
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oats also are probably a little more completely digested and have a 
somewhat higher net energy value. 

Ordinarily oats should be ground fine or medium fine. Although 
finely ground oats are more palatable and are eaten with less waste, 
the experiments at the Illinois and Indiana Stations do not show a 
significant difference in favor of fine as compared with medium grind- 
ing when fed with corn and a supplement to pigs in the dry lot. 
Crampton and Bell of McGill University,™ however, found that pigs 
of 50 pounds initial weight individually fed coarse, medium, and fine 
ground oats, adequately supplemented with proteins and minerals, 
made significantly faster gains as the modulus became finer. At the end 
of the 60-day feeding period the average weights of the pigs receiving 
the coarse, medium, and fine oats were 121, 132, and 155 pounds, 
respectively. They also found that the fibrous hulls were decidedly 
unpalatable and, unless finely ground, were sorted out and refused. 

Carroll reports that the power cost of grinding oats fine (%^-inch 
screen in hammer mill) is about double that required for coarse grind- 
ittg (Mo‘inch screen). Vestal’s studies showed the total grinding 
costs, including fixed charges and labor, to be as follows: coarse 
(%-inch screen), 8 cents per 100 pounds; medium ({'s-inch screen) 

19 cents; fine (i.lo'inch screen), 48 cents; and for grinding hulled 
oats (%o"tnch screen), 7 cents per 100 pounds. These costs were 
based on prices current 20 years ago. Present costs would be 75 to 
100 percent greater. 

Free-choicc feeding of nhole oafs. When whole oats arc fed free- 
choice style along with com and a protein supplement, that is, in a 
separate compartment of a self-feeder, the quantity of oats eaten com- 
pared with com is always small. Much will depend of course on the 
quality of the oats. In a trial at the Illinois Station 1 part only of 
oats was consumed for each 5 parts of com; in two c.xperinients at the 
Iowa Station the amount of whole oats eaten svas less than 1 part 
to 15 parts of com. When ground instead of whole oats arc fed in ihi, 
way, the oats will be eaten in somewhat larger amounts; and the Imer 
the oats arc ground, tiie larger will be the proportion consu.m-d. 

Hulled oats a conecnlraltd feed. Since most of the tiber of oats ii 
contained in the hull, the kernel or groat is iimeh more di. estib!,- a.;J 
consequently higlier in fe“eding value than the who.'e cat,. Hu — d o-s.. 


" L w. Crs.-.i.-io.-, i-iJ J VI. ma. Jt .1-, S.I. v-t *. i 

»J. U, Ri.c snj L J. vi---.a, K; 

" It Le.alt< Da ,.--1 vl_-.t., a.s I .1 
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In all but one of the experiments the pigs which received the ration 
containing the hulled oats gained faster than those in the comparable 
lot which received no oats. In the other trial the gains were the same. 
This difference was due chiefly to the greater palatability and larger 
consumption of the ration containing the hulled oats. Part of it was 
probably due also tathe fact that the latter was slightly more concen- 
trated in character and hence more digestible. 

The ration containing the hulled oats also proved to be somewhat 
more efficient, for 16 pounds of feed were saved in the production of 
each 100 pounds of gain. One hundred pounds of hulled oats had the 
average value in these experiments of 96 pounds of com and 19.6 
pounds of supplement, or the equivalent approximately of 131 pounds 
of corn. 

Although lOO pounds of hulled oats as fed in these experiments had 
a value equal to 131 pounds of com, it does not follow that hulled 
oats are an economical feed to use in feeding pigs for market. There 
are required 150 to 165 pounds of whole oats to produce 100 pounds 
of hulled oats, and the cost of hulling will average 15 to 25 cents per 
hundredweight of the whole oats processed, or about 32 cents for each 
100 pounds of hulled oats. 

Hulled oats compared with ground oats. In the oat-feeding work at 
the Illinois Station, referred to above, there were four trials in which 
hulled and ground oats were compared when each was fed in limited 
proportions with corn and a suitable supplement. The proportion of 
corn to oafs rn the different trials varied from two to four of corn to 
one of the oats. Those fed the hulled oats gained a little faster and 
with a saving of 26 pounds of feed in the proportion of 100 poundi 
of gain. One hundred pounds of the hulled oats had a calculated value 
of about 140 pounds of the ground oats. But since 150 to 1 65 pounds 
of whole oats are required to yield 100 pounds of hulled oats, and 
since the cost of hulling usually c.xceeds the cost of grinding, it would 
appear that hulling oats is too expensive a process to be considered 
practical in commercial feeding. 

Hulled oats may have a place, however, in rations for sueline pi s 
and in fitting hogs for show. For cteep-feedine. [ ertiiv - sue -e, is 
self-feeding hulled oats and shelled corn, free-cho.ee, with a s.i p r..d 
containing skim milk or buiierniilk in addmon. Hul'ed i s'-s j;-- 
[sopular with nuny litters of shs>.s hogs, espeeeali., vs.heii — ; 

gains are essential to the necessary leiish- 
-ll r, lcii.a. Cl. !-iI 
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are a concentrated feed. They contain more digestible nutrients than 
com and are considerably richer than com in protein; the oat kernel 
is about 16 percent protein, while corn is about 10 percent. When oats 
are run through a huller, the kernels recovered amount to 60 to 65 
percent of the weight of the original oats, nearly 40 percent being 
represented by hulls.^“ “Steel-cut” oats, which are available on the 
market, are hulled oats. Varieties of huU-less oats have been devel- 
oped, but thus far none have yielded sufficiently well to be considered 
promising. 

In Table 144 there are brought together and averaged the results 
of eight experiments, in each of which a ration of com, hulled oats, 
and a supplement was compared with com and a supplement for grow- 
ing and fattening pigs from an average initial weight of 65 pounds to 
a final weight of about 200, in the dry lot. The proportion of hulled 
oats to com in the individual experiments varied from two to four 
parts com to one of hulled oats, the average being two and a half. The 
supplement fed consisted of the trio-mixture of tankage, linseed, or 
soybean oil meal, and alfalfa meal. In one of the experiments “steel- 
cut” oats were fed, and in one hull-less oats. In all cases the com and 
hulled oats were mixed by hand and self-fed. The supplement was ted 
in a separate compartment of the feeder. The com was either cracked 
or ground. Seven of the trials were run at the Illinois Station and 
one at the Ohio Station.®^ 


Tafife 144, Corn and Huffed Oafs Compared with Corn for Growing and 
Faffening Pigs 
(Average 8 Experiments) 


Rations 

Daiiy Feed 
Consumption 

Daily 

Gain 

Feed Required 
jor 1 Cwt. Gain 

Corn + supplement 

lb. 

5.52 

lb. 

1.281 

lb. 

Corn 366 

Supplement 65 

Corn 4- oat kernels -f- 
supplement 

5.68 

1.370 

Total 43 1 

Corn 268 

Oat kernels 102 
Supplement 45 




Total 415 


E- Carroll, lUs. Exp, Sta.. Cir. 414, 1933. 

'“W. E. Carroll, R. S. SnUlh, G. E. Hunt, and \V. P. Garrigus, Mimeo. Rpis., 19-6, 
1927, 1929-1930, and A. 11. 161-115, 1932-1933. 

”W. L. Robison, Ctr. 10. 1928. 
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In all but one of the experiments the pigs which received the ration 
containing the hulled oats gained faster than those in the comparable 
lot which received no oats. In the other trial the gains were the same. 
This difference was due chiefly to the greater palatability and larger 
consumption of the ration containing the hulled oats. Part of it uas 
probably due also tathe fact that the latter was slightly more concen- 
trated in character and hence more digestible. 

The ration containing the hulled oats also proved to be soineu hat 
more efficient, for 16 pounds of feed were saved in the production of 
each 100 pounds of gain. One hundred pounds of hulled oats had the 
average value in these experiments of 96 pounds of corn and 19 6 
pounds of supplement, or the equivalent approximately of 1 3 1 pounds 
of corn. 

Although 100 pounds of hulled oats as fed in these e.rperiments had 
a value equal to 131 pounds of com, it does not follow that hulled 
oats are an economical feed to use in feeding pigs for market. There 
are required 150 to 165 pounds of whole oats to produce 100 pounds 
of hulled oats, and the cost of hulling will asemge 15 to 25 cents per 
hundredweight of the whole oats processed, or about 32 cents for e.ich 
100 pounds of hulled oats. 
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Soaking or wetting oats. When ground oats are fed by hand some- 
what less will be wasted if fed wet in a slop rather than dry. The 
limited studies that have been made, however, do not indicate that 
wetting or soaking ground or whole oats increases their feeding value. 

Fermenting oats with yeast. There are two kinds of yeast, live yeast 
and dead yeast. Live or Active Dry Yeast, as tentatively defined by 
the Association of American Feed Control Officials, is yeast that has 
been dried in such a manner as to preserve a large proportion of its 
fermenting power. It must contain no added cereal or filler and must 
contain not less than 15 billion live yeast cells per gram. This is 
bakers’ yeast. 

Dead yeast is represented by brewers’ dried yeast, which is officially 
defined as follows; Brewers’ Dried Yeast is the dried, non-fermentive, 
non-extracted yeast resulting as a by-product from the brewing of beer 
and ale and shall contain not less than 40 percent of crude protein on 
the moisture-free basis. Any claim concerning the value of this type of 
yeast as a supplement in swine rations must depend on its rather rich 
supply of the B-complex vitamins and its protein content. 

Irradiated yeast is yeast that has been subjected to the ultraviolet 
rays of artificially produced sunlight in order to increase its antirachitic 
properties. It is available in potencies of 4, 8, 12, 16, and 24 million 
U.S.P. units of vitamin D per pound.^® It is an economical and ex- 
tremely potent source of vitamin D2 for pigs. 

Yeast culture feeds. Claims by the manufacturers of yeast culture 
feeds that fermenting soaked oats from one feed to the next renders 
the oat hulls more digestible has been shown by numerous feeding 
tests to be without foundation. These products normally contain in 
addition to live yeast a large variety of minerals and salts. Any value 
they may have is far exceeded by their cost. There is no logical basis 
for the assumption that fermenting oats will improve their quality or 
feeding value. The enzymes contained in yeast are not capable of 
changing in any way the crude fiber of the ration; their action is con- 
cerned with the fermentation of sugar with the production of alcohols 
and acids, products of lower food value than the sugars. Carroll of the 
Illinois Station,^* following his studies of the effects of yeast fer- 
mentation on the feeding value of oats, stated: “The only conclusion 
is that oats treated with these preparations ate no more valuable for 
swine than the same oats before treatment” 

** The Feed Ba^ Red Book, 1950. 

»*\V. E. CarrolJ. Cir. 414. 1933. 
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Results obtained by Robison of the Ohio Station,” ho'-v-ever, sue- 
gest that yeast may have a place in swine rations as a cheap source of 
the B-complex vitamins. He tested the value of a homemade yeast 
culture made by adding a 3-cent cake of yeast with water to a portion 
of the ration and allowing it to grow for a period of 24 hours, svhcn 
added to a ration of ground yellow com, soybean oil mcj|, ground 
alfalfa (4 percent of ration), and minerals. Some of this wet ina.sli 
was then added as a “starter” to the wetted ration that was to be fed 
24 hours later. In winter it was necessary to keep the wetted feed in 
a heated room in order for the yeast to grow. Aside from the e.xir.i 
labor involved, he said that adding water to the feed and growing yca.st 
was an inexpensive procedure. The actual expenditure did not exceed 
15 cents for a group of 12 to IS pigs. 

In six experiments he compared this wet ration containing the 
growing yeast with the same ration without the yeast fed dry to grow- 
ing and fattening pigs in the dry lot. He summarized the results of tins 
study as follows: “The pigs on the wet feed containing the growing 
yeast grew normally and remained healthier than those on the dry 
feed without yeast. Thirteen out of 82 on the dry feed, and three out 
of 82 on the wet feed containing the growing yeast were removed 
during the course of the experiments because of unthrifiiness. Those 
on the wet feed containing the growing yeast made faster g.iins .inJ 
greater gains per unit of feed than tho.se on the dry feed. In each of 
the five later trials (dry ration, self-fed) the pigs on the wet feed con- 
taining the growing yeast made more rapid gains and were ready for 
market 16 days earlier, on the average, than those on the dry raiiou 
without the yeast. They' also required an average of .S.U percent i-sv 
feed per unit of gain.” 



422 


PORK PRODUCTION 


vived, and these died 5 and 9 days later. The treated oats proved very 
unpalatable. Symptoms of poisoning were a weak, unsteady gait, 
scouring and vomiting, dizziness, turning in circles, blindness, paral- 
ysis, and death. The authors concluded that hogs should not be forced 
to eat treated seed oats. 

Emmer; spelt. Emmer is grown principally in South and North 
Dakota, Nebraska, Minnesota, and Colorado. It is very much like oats 
in composition. The hull constitutes from 20 to 30 percent of the 
grain, the fiber content running nearly as high as that of oats. It is 
therefore not adapted to growing or fattening pigs when full gains are 
sought, except when combined in limited proportions with other and 
more concentrated grains. Experiments indicate that satisfactory re- 
sults may be expected when the emmer is ground and fed with corn in 
the proportion of about one part emmer to three of corn, provided the 
ration is balanced with protein and mineral supplements along with 
fine-quality legume hay or green forage to supply the necessary vita- 
mins. Feeding equal parts of corn and emmer does not give satisfac- 
tory results in full feeding because the ration is too bulky. The rules 
for the successful feeding of oats to pigs and breeding stock may be 
appropriately followed in the use of emmer. 

Spelt is very similar to emmer in composition and physical charac- 
teristics. Like emmer, the hull is not removed from the kernel in 
threshing. Results of three trials conducted by Freeman of the 
Michigan Station, in which a combination of ground com and 
ground spelt was compared with a similar combination of ground 
corn and ground oats for pigs fed in the dry lot from an initial 
weight of 50 to approximately 190 pounds, indicate that spelt and 
oats ate about equal in value. In each trial one lot received the grain 
mixture in the ratio of one of com to one of spelt or oats, and in the 
other the ratio was 75 percent com and 25 percent spelt or oats. The 
grains were adequately supplemented with a protein mixture contain- 
ing tankage, soybean oil meal, and alfalfa meal, and a simple mineral 
mixture. 

The pigs fed the spelt outgained those fed oats, on the average, by 
the difference between 1.295 and 1.170 pounds daily; but 4.67 percent 
less of the oats ration was required to produce a unit of gain. 

V. A. Freeman. Qt. But, Vot 24, No. 1, 1941. 
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WHEAT 

Produclion and price of wheat. Paring the decade 1940 to 1949 the 
tonnage of wheat produced in the United States was 38 percent of the 
tonnage of com. But wheat is a bread crop, and only 10 to 15 percent 
of it normally is available as feed. The price of wheat compared with 
corn consequently is so high that its use for feeding is not general. 
However, following years of short com crops, wheat prices are fre- 
quently low enough compared with com to make its use as feed eco- 
nomical. Also, it is to be noted from Fig. 57 that new wheat in July 
and August is generally lower in price than old corn. This would 
be particularly true in the wheat-growing areas outside the Com 
Belt. 

Like the other cereal grains, wheat is a carbonaceous feed, deficient 
in protein, minerals, and vitamins. Although not so exclusively fatten- 
ing in its properties as corn, nor so lach'ng in calcium, it cannot be fed 
alone to any of the classes of hogs with good results. Like com, wheat 
is very concentrated in character and palatable. 

Wheat compared with corn. In Table 145 are given the averaged 
results obtained when ground wheat was compared with com in well- 
balanced rations for growing and fattening pigs. These experiments 
were conducted at the Ohio, Missouri, Minnesota, Indiana, Nebraska, 
Maryland, Colorado, Kansas, and Michigan Stations. Ten of the com- 
parisons were under dry-lot conditions and four under forage condi- 
tions. In all but five of the trials the com was fed whole. The grain and 
supplement were fed free-choice style in a self-feeder in 12 of the 
experiments, while in four the two were mixed and fed by hand in a 
slop according to appetite. The average weight of the pigs was 76 
pounds when the experiments began, and market weight when they 
closed. 

In general, the pigs getting the wheat ration did a little better than 
those fed the com ration. In six of the trials the gains were more 
rapid on wheat and in five more rapid on the com ration; in the other 
three they were practically the same. When the supplements and grain 
were fed free-choice style, that is, in separate compartments of a self- 
feeder, the amount of the supplement consumed by the pigs on th- 
wheat ration was considerably less than by those on the corn ration. 

This was due to the greater palalabilily of the wheat and also to th- 
fact that less supplement was needed to balance it, since wheal is richer 
than com in protein. 
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Table 145. Shelled or Ground Com versus Ground Wheat for 
Growing-Fattening Pigs 
(Average 10 and 4 Experiments) 


Daily Feed Required 

Daily Feed Con- for 1 Cwt. Comparative 

Rations Gain sumption Gain Values 


Corn + supplement 
(dry lot) 

lb. 

1.329 

lb. 

5.36 

lb. 

Corn 

Sup. 

354 

49 

100 

Ground wheat -f- sup- 
plement (dry lot) 

1.337 

5.31 

Total 

G. Wheat 
Sup. 

403 

361 

36 

107 

Corn supplement -f* 
forage 

1.630 

6.00 

Total 

Corn 

Sup. 

397 

344 

24 

100 

Ground wheat 4- sup- 
plement 4- forage 

1,677 

6.45 

Total 

G. Wheat 
Sup. 

368 

371 

14 

99 




Total 

385 



In general, the pigs fed the wheat rations did a little better than 
those getting the corn rations. In six of the trials the gains were more 
rapid on the wheat, and in four more rapid on the com rations; in the 
other four trials they were practically the same. When the grain and 
supplements were fed free-choice style, that is, in separate compart- 
ments of the self-feeder, the amount of the supplement consumed by 
the pigs which received wheat was considerably less than by those on 
the corn ration. This was due chiefly to the fact that wheat is richer 
than corn in protein, and hence less was needed to balance the ration. 

In the Purdue experiments on forage, included here, the pigs on 
the wheat ration tended slightly to grow more and fatten less than 
those receiving corn, although the wheal-fed pigs were satisfactorily 
finished. The carcasses of the wheat-fed pigs were found to be some- 
what firmer when graded at the packing house. The earlier experi- 
ments at Missouri indicated also a slightly superior quality in the 
carcasses of wheat-fed compared with corn-fed pigs. 

^Yhcat usually should be ground. The experimental data given in 
Table 146 represent a summary of 1 1 experiments conducted at the 
Oklahoma, Maryland, Kansas, Nebraska, and Kentucky Stations, 
comparing whole with ground wheat when fed in wcll-balanccd ra- 
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lions. In the trials reported in the first division of the table, the wheat 
was fed in the dry condition, wlule in the second division of the table 
are given the results when it was fed soaked. All the experiments ex- 
cept one were conducted under dry-lot conditions. The pigs which 
were fed their wheat dry weighed from 69 to 119 pounds when the 
trials began, while in the trials with soaked wheat the initial weight 
for the different experiments ranged from 107 to 138. All the experi- 
ments were continued until market weights were reached. In all but 
two of the dry-wheat experiments, the wheat was self-fed, free- 
choice. 


Table 146. Whole versus Ground Wheat for Growing and Fattening Pigs 
(Average 4 and 7 Experiments) 



Daily 


Feed Required 



Feed Con- 

Daily 

fori Cwt. 

Comparative 

Rations 

sumption 

Cain 

Gain 


Values 


lb. 

lb. 

lb. 



Whole wheat (dry) + 



W. Wheat 

376 


tankage 

5.70 

1.411 

Tankage 

28 

100 




Total 

404 


Ground wheat (dry) + 



G. Wheat 

355 


tankage 

5.66 

1.482 

Tankage 

27 

107 




Total 

382 


Whole wheat 



W. Wheat 

485 


(soaked) + tankage 

7.12 

1.411 

Tankage 

20 

100 




Total 

505 


Ground wheat 



G. Wheat 

404 

108 

(soaked) -{-tankage 

7.69 

1.676 

Tankage 

15 




Total 

459 



On the average, there was little difference in the rate of gain in 
favor of the ground wheat when fed dry. As shown by the amount of 
feed required for the gains, however, grinding had the effect of in- 
creasing the efficiency of the ration by about 7 percent. This is hardly 
sufficient to pay the cost it the service must be hired. W'hen soaked and 
fed by hand, the ground wheat proved to be S percent more saluable 
than the whole wheat, and the rate of gain was considerably faster. 
The fact that grinding was not so beneficial «hen self-fed dry. in the 
first scries of trials, suggests that the pigs may masticate the viho.e 
wheat more thoroughly « hen getting it in a self-feeder than w hen it u 
supplied to them twice a day by hand. 
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In two trials at the Michigan Station Freeman obtained siightly 
better results with medium- and fine-ground wheat than with coarse- 
ground. The lots fed whoie wheat gained faster than those fed ground 
wheat, but it required 1714 pounds in one and 1014 pounds in another 
more total feed to produce 100 pounds gain on the whole than on the 
ground wheat. 

Soaldng wheat. The question whether wheat shouid be soaked has 
uot been clearly settled. Weaver of the Missouri Station thinks 
ground wheat should be fed wet since less will be wasted. He also 
reports that there is no advantage in allowing the ground wheat to 
sour. Robison reports that soaking wheat at the Ohio Station did 
not increase its value. 

In the experiments with wheat which have just been considered, 
the wheat fed was sound and marketable. Wheat which has been in- 
jured in the dough stage by hot winds, drought, or frost, or which has 
been damaged by excessive rains during harvest is, of course, less 
vaiuable for feed than wheat which is well filled or uninjured. Like- 
wise salvage wheat which has been damaged by elevator fire, water, 
and smoke is less valuable than sound wheat. Such wheat, however, 
has no value except for feed, and usually can be bought at a price con- 
siderably lower than its feed value. If not seriously damaged it may 
be fed alone straight, say in a self-feeder, although the better practice 
usually is to mix and feed with other grain. Ground wheat that has 
become stale through fermentation or injury by insects is less palatable 
than sound wheat and should be diluted as much as possible with 
other ground grain before feeding. 

BARLEY 

Barley is one of the most widely used cereals for swine feeding. 
In Canada and the European countries it is depended on for the pro- 
duction of the finest quality of bacon. In the United States its produc- 
tion is confined mainly to areas of the Pacific coast and the Northwest 
where its use in pork production is general. The tonnage production 
of barley in this country is about one-third the production of oats. Its 
price compared with com and the other cereals has been such as to 
make it an economical feed in areas not too far removed from the 
source of production (see Fig. 55). 

»*V. A. Freeman, Proc., Am. Soc. An. Prod.t 1952. 

••L. A. Weaker, Cir. 261, 1930. 

••W, L. Robison, Bui. 607, 1939. 
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Composition of barley. Like the other cereal grains, barley is to be 
regarded more as a fattening than a growing feed, although less pro- 
nounced in this respect than corn. Its protein content is practically the 
same as that of wheat. In common with the other cereal grains also, 
it is very deficient in minerals and vitamins. To make a barley ration 
complete for growing and fattening pigs, therefore, it must have 
added to it a protein-rich supplement, a mineral mixture rich in cal- 
cium and common salt, and a source or sources of vitamins, such as 
green forage, fine-quality legume hay, or other sources. Weighing 48 
pounds to the bushel, the fiber content of common barley is high com- 
pared with corn, wheat, or rye, and consequently is less digestible than 
these cereals. 

Barley compared with corn. In Table 147 are summarized the re- 
sults of 42 feeding trials in each of which ground barley was com- 
pared with shelled corn for growing and fattening pigs. Eight experi- 
ment stations participated in the study.** Thirty-three were conducted 
under dry-lot and nine under forage conditions. Only those experi- 
ments are included in which adequate supplements were fed and the 
rations full-fed according to appetite. In most instances the grain, 
protein supplements, and minerals were fed separately in a self-feeder. 
The feeds were fed dry in ali cases. The supplements consisted of 
tankage, or a combination of tankage and a plant supplement. Alfalfa 
meal was included in the supplemental mixture in a number of the 
dry-lot trials. The pigs averaged 93 pounds at the start of the diy-Iot 
experiments and 62 pounds in the trials on forage. In each case they 
were fed until they had practically reached market weight. 

In only 3 of the 32 dry-lot trials and in none of those conducted 
under forage conditions did the pigs which received barley gain as 
rapidly as those fed com. This was not due to any lack of palatabiiity, 
however, for the barley ration was eaten in larger amounts than the 
corn ration. It was the result obviously of the higher fiber content and 
lower digestibility of the barley. This is the principal reason also why 
more feed was required in the production of a given gain on the ration 
containing the barley. In none of the trials was there as much com as 
barley required for a unit of gain. 

In three experiments Robison of the Ohio Station** compared 
ground barley with ground com for growing and fattening pigs on 

“South Dakota. Minnesota. Pcnnsyham'a. Michigan. Oklahoma. .Vebraska. Colo- 
rado, and Kansas. 

«\V. L. Robison. Bui. 607. 1939. 
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Table 147. Ground Barley versus Corn for Growing and Fattening Pigs 
(Average 33 and 9 Experiments) 


Daily Feed Required 

Feed Con- Daily fori Civ/. Comparative 

Rations sumption Gain Gain Values 


Shelled corn ^ 4- sup- 
plement (dry lot) 

lb. 

6.12 

lb. 

1.481 

lb. 

Corn 

Sup. 

370 

43 

100 




Total 

413 


Ground barley + sup- 
plement (dry lot) 

6.55 

1.383 

Barley 

Sup. 

433 

41 

87 b 




Total 

472 


Shelled corn -j- sup- 
plement -b forage 

5.47 

1.487 

Corn 

Sup. 

338.0 

30.2 

100 




Total 

368.2 


Ground barley 4- sup- 
plement -b forage 

6.09 

1.382 

Barley 

Sup. 

414.6 

26.2 

84 




Total 

440.8 



■ In two of the trials the com was ground. 
*» Not including charge for grinding. 


rape pasture. Hand-fed with the trio-mixture as a supplement, the pigs 
which received barley gained almost as rapidly as those on com and 
the feed consumed for a unit of gain gave to the ground barley a value 
equal approximately to 95 percent of the ground com. 

It would appear safe ,to conclude from these results that ground 
barley has a value, on the average, equal to 85 to 90 percent of com 
for feeding growing and fattening pigs in the dry lot, and somewhat 
less than this when fed on forage. If we assume a charge of 10 cents a 
hundredweight to cover cost of grinding, a bushel of barley would 
have the values compared with com as shown in Table 148. 


Table 148. The Value of a Bushel of Barley at Varying Corn Prices 


When a bushel of shelled com 
(56 lb.) costs; 

42< 

56f 

70^ 

84/ 

98/ 

112/ 

126/ 

A bushel of ground barley 
(48 lb.) is worth*. 

31# 

41# 

51# 

61# 

72# 

82/ 

92# 

A bushel of unground barley 
is worth: 

26 t 

36^ 

46/ 

set 

67 ( 

77/ 

87/ 
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If. instead of a uniform charge for grinding, the cost of this service 
had been increased as the price of the feed increased, as it usually 
does in practice, the value of the whole barley at the higher price levels 
would be somewhat less than that shown in the table. 

Value of barley affected by weight. As always is the case, experi- 
mental feeding results are influenced by the quality or grade of the feeds 
involved. Results of a 4-year study by Wright of the South Dakota Sta- 
tion in feeding three different grades of ground barley in comparison 
with shelled corn emphasize this fact. In each of the four years three 
weights of barley, 48, 40, and 31 pounds to the bushel, respectively, 
were fed to comparable groups of pigs in dry lots from initial weights 
averaging 95 pounds to final weights of about 235 pounds. 

Compared with shelled corn and based on the pounds of feed re- 
quired to produce a given gain, the three grades of ground barley had 
values compared with the shelled com as follows: the barley weighing 
48 pounds to the bushel had a value equal approximately to 93 per- 
cent of the com; the barley weighing 40 pounds to the bushel was 
worth 88 percent as much; and the barley which averaged 31 pounds 
to the bushel had a value equal to 84 percent of the corn. 

Barley should be ground. Early feeding trials by Thompson of the 
Oklahoma Station showed that grinding increased the value of 
barley for growing and fattening pigs from 7 to 10 percent over un- 
ground barley. In three trials by Freeman of the Michigan Station pigs 
fed ground barley gained 17 percent faster than those fed whole 
barley, and required 12 percent less feed for the production of a unit 
of gain. It took three weeks longer to finish the pigs on whole barley. 

He also reported that when whole barley is self-fed with tankage self- 
fed, free-choice, that an unnecessarily large proportion of tankage was 
consumed. 

Experimental results are not in agreement on the advisability of 
soaking whole barley for pigs. Some have been favorable to the prac- 
tice, while in about an equal number of instances the results base 
favored feeding it dry. When ground, however, the e.xpcrimcnis have 
quite uniformly shown faster and slightly more cconom.cal gams when 
fed wet or soaked by hand than when it was self-fed dry. W emn ’ 
seemed to be as beneficial as soaking between feeds. Some of the a - 
vantage from soaking as compared with feeding diy m the self-feecer 


**Tumer Wright, Bui. 366, 

“Carl P. Thompson. 2Sth An. KpL. 
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may be attributable to loss or waste of feed when fed by the latter 
method. 

Barley and wheat compared. A summary of 4 trials by Robison ■*= 
and 11 by Clark and Woodward of the Montana Station indicate 
that ground barley has a value about equal to 88 percent of ground 
wheat for growing and fattening pigs. In all the trials, those fed wheat 
gained faster, on the average 19 percent, and required 1 1 percent less 
total feed for a unit of gain. In live of the experiments the pigs were on 
forage, and in six were confined to dry lots. Except in one trial, all 
rations were adequately supplemented. Headley of the Nevada Sta- 
tion reported that 3 to 7 percent more barley than the low-protein 
wheat of the Pacific Coast was consumed for a unit of gain, the differ- 
ence in efficiency being greatest when fed in dry lots and least on pas- 
ture, and greater when self-fed than when hand-fed. 

RYE 

Production and composition. Rye is a relatively unimportant grain 
crop in this country, its production being less than 1 percent that of 
corn; and of this, less than 30 percent is available for feed. Most of 
this crop grown in the United States is produced in North Dakota, 
Minnesota, South Dakota, and Nebraska. Rye is very similar to wheat 
in composition and, like the other cereal grains, is deficient in the 
amount and quality of its proteins, the quantity and kind of minerals, 
and in most of the necessary vitamins. As shown by many tests, it is 
not as palatable as other grains, and has a tendency to produce 
scours. 

Rye and com compared. Although the composition of rye would 
suggest as high a feeding value as k possessed by com, experiments 
and experience have demonstrated that it is quite inferior to com. In 
Table 149 are shown the averaged results of five trials at the Minne- 
sota and Ohio Stations in each of which ground rye was com- 
pared with ground corn, with tankage, for growing-fattening pigs aver- 
aging less than 80 pounds in weight when the tests began. In the three 
Minnesota trials a mineral mixture in addition was fed in each lot. 
The grain and tankage were mixed in the proportion of about 10 to 1, 
and self-fed in most cases; in one they were self-fed, free-choice. 

♦*W. L. Robison, Bi-Monthly Bui., Vol. 18, No. 2, 1935. 

♦•R. L. Clark and R. R. Woodward, BuL 434, 1946. 

«F. B. Headley, Bui. 166, 1943. 

*"£. F. Fcrrin and M. A. McCarty, MImeo. Rpis., 1923 and 1924- 

** W. L. Robison, Mimeo. Rpts., 1915 and 1917. 
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Tabic 149. Ground Rye versus Ground Corn for Groning and Faffening 
Pigs in the Dry Lot 
(Average 5 Experiments) 



Doily Feed 
Consumption 

Daily 

Gain 

Feed Required 
for J Cwt. 
Gain 


lb. 

lb. 

Ib. 





G. rye 

507 

Ground rye q- tankage 

4.89 

0.880 

Tankage 

49 




Total 

556 




G. corn 

374 

Ground corn -f- tankage 

5.75 

1.397 

Tankage 

38 




Total 

412 


Although the lye fed in these experiments was supposed io be of 
good quality and not infested with ergot, the pigs did not eat the rye 
ration with relish. Those getting rye consumed only 85 percent as 
much feed as those receiving corn. As a result of this, together with 
other and unlcnown causes, the pigs on the rye ration gained only 63 
percent as rapidly as did those on the com ration. These dilTerences 
were quite consistently shown in the individual experiments. For pro- 
ducing 100 pounds of gain, 144 pounds less feed were required on the 
corn ration. Based on this figure, the rye as fed in these trials can be 
credited with a value equal only to 70 percent of that of com. 

As a result of the experiments at the Minnesota Station in which 
ground rye was fed as the only grain, along with tankage and a min- 
eral mixture in the dry lot. Ferrin made the following observations: 


For the first 30 tc 40 days pigs fed groend add tankage 
rapid gains as those receiving ground corn and tantoge. Fasorabic resu) s r 
ported by other Stations have been the resulu of ° 

experience in feeding rye to hogs has demonstrated a laei. of some cscMul 
fooTcons.i”ent or possibly a toxic effect f-nt conhnued r>c comump^on 
Pigs fed chiefly rye sconr badly and at the end of 90 
begin to lose weight. We have never succeeded m fm.vhmg a lot of p „ 
average weight of 200 pounds per p.g on i>e. tanUgv. and m.nvrali dt/ 

lot conditions. 

In further studies, Ferrin was unable to secure salisfactorv' t-amt 
by adding to the ration of ground rye. unkage. and 
cod-Iivcr oil, alfalfa leaves, or casein, or a combination of ih.v.. . 


See. An. ProJ . 


*• E. F. Fctrin. Proc. Am. 
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significant improvement of the ration was obtained either when 5 
percent of iron oxide was incorporated in the mineral mixture. In two 
trials, thorough cooking of the rye failed to be of any benefit. In 1928, 
however, Ferrin secured fairly satisfactory results when liver meal, 
which is rich in copper, was substituted for the tankage. Adding cop- 
per sulphate to the mineral mixture, however, was of no apparent help. 

Fairly satisfactory results have been obtained at several stations 
from a ration of rye, properly balanced, when fed for limited periods 
to well-grown shotes. Edwards and Brown of the Miehigan Station 
secured gains averaging 1.23 to 1.48 pounds daily with pigs fed from a 
weight of 125 to 225 pounds in the dry lot on a ration composed of 
two parts ground rye to one part ground oats, balanced with tankage 
and a mineral mixture. In one test, six pigs to the lot, no significant 
differences were found to result from the method of feeding, such as 
self-feeding the mixture, soaking the mixture 24 hours and feeding 
by hand, or feeding the mixture wet in a slop. In one lot the feed mix- 
ture was fermented with yeast for 24 hours. Although the rate of gain 
was increased slightly, the cost of the gains was considerably greater 
as a result of the treatment. 

Ferrin and McCarty of the Minnesota Station “ obtained better 
results from a ration of one-half rye and one-half com, and another 
of one-half rye and one-half barley, than from a ration in which rye 
was the only grain. In neither of the experiments, however, were the 
results considered satisfactory. 

In one dry-lot trial by Wilson and Wright of the South Dakota 
Station,^ 1 00-pound pigs were fed in the dry lot to the weight of 
230 pounds on either shelled com, ground rye, a mixture of one-half 
each of ground rye and ground com, or a mbcture of one-half each of 
ground rye and ground barley, in rations well balanced with tankage, 
alfalfa hay, and minerals. In this experiment the pigs getting the rye 
ration gained as rapidly as those on the com ration. For producing a 
unit of gain the rye had a computed value equal to 94 percent of the 
com. Better results were obtained from the mixture of barley and rye 
than from the mixture of com and rye, or from rye alone. These ex- 
perimenters also complained of the tendency of rye to scour the pigs. 

Methods of feeding rye. Hays of the Delaware Station “■> in one 
trial obtained as good results in feeding a ration of ground rye and 

“ W. E. J. Edwards and G. A. Brown. Qt. Bui., Vol. 8. 

“E. F. Ferrin and M. A. McCarty, Mimeo, Rpt., H-I6, 1924. 

“James W. Wilson and Turner Wright, But 271, 1932 

“F. A. Hays, But 124, 1919. 
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tankage free-choice style as when the ground rye was soaked and fed 
by hand and the tankage self-fed. Whole rye self-fed gave as good 
results as whole rye soaked 12 hours and fed by hand. The limited ex- 
perimental studies indicate that grinding will be of sufficient benefit 
to more than pay for its cost. 

The method of feeding rye to pigs which is most likely to give satis- 
factory results is in a ration such as two to three parts corn or other 
grain to one part ground rye, balanced with a protein suppiement 
wholly or partly animal in character, a good mineral mixture, and fine- 
quality legume hay or green forage. When the appetite shows signs 
of failing, the rye should be further replaced with corn. 

Generally speaking, rye should not be fed to pregnant sows. Feed- 
ing rye infested with ergot has been known to cause abortion. It should 
be considered safe for sows only when it is clean, of good quality, and 
when the amount fed is limited to one-third to one-fourth of the grair 
supply. 


GRAIN SORGHUMS 

The grain sorghums include kafir, milo, feterita, kaoling, and sorgo. 
Practically 90 percent of the acreage of these drought-resistant crops 
in the United States is grown in the three states of Texas, Oklahoma 
and Kansas. As shown in Fig. 55, their production, represented mainly 
by kafir and milo, amounts to about one-third that of barley and 
more than three times that of rye. 

In chemical composition these grains are very similar to corn. They 
are rich in carbohydrates and particularly deficient in protein, min- 
erals, and vitamins. Like the other grains, they are fattening in their 
properties and require to be supplemented with a protein concentrate, 
minerals rich in calcium and common salt, and vitamins for satisfac- 
tory results. 

Kafir and com compared for fattening pigs. In Tabic 150 arc sum- 
marized the results of six experiments conducted at the Kansas and 
Oklahoma Stations, “= in each of which ground kafir grain was com- 
pared with com, which was ground in all but one instance. In all but 
one of the trials tankage alone, or tankage and shorts, was fed as a 
supplement. In one trial alfalfa hay was fed. All of the experiments 
were with well-grown shotes averaging 125 pounds at the start and 
about 225 pounds at the finish. 


Carl P. Thompson, Bui. 148, 195— 
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Table 150, Ground Kaiir -versus Com for Fattening Shotes, in Dry Lot 
(Average 6 Experiments) 



Daily 

Daily 

Feed Required 

Rations 

Consumption 

Gain 

for 1 Cwt. Gain 


lb. 

lb. 

lb. 

Kafir supplements 

6.89 

1.40 

Kafir 457 

Tank, equiv. 35 




Total 492 

Cora -4" supplements 

6.39 

1.46 

Cora 410 


Tank, equiv, 28 
Total • 438 


In all excepting one of the Oklahoma experiments, the pigs receiv- 
ing corn gained sig ni ficantly faster than those getting kafir. The 
amount of feed eaten daily shows the kafir ration to have been as 
palatable as the com ration. That kafir is not as efficient as com, 
however, is shown by the amount of feed required for each unit of 
gain, there being a difference of 54 pounds of feed in favor of the 
com ration in producing 100 pounds of gain. Converting the tankage 
and other supplements to terms of com, the kafir had a computed 
value equal to 87 percent of that of com. 

In feeding trials conducted by Baker and Reinmiller of the Ne- 
braska Station.^o using pigs of an initial weight of 44 pounds fed to a 
final weight of 220 pounds, ground kafir had a computed value 
9 1 percent and whole kafir 89 percent of that of com. 

In a forage experiment by Weber and associates of the Kansas 
Station,^^ it was concluded that almost as satisfactory gains, from the 
standpoint of rapidity and the amount of feed required to produce a 
unit of gain, can be made with ground kafir, tankage, and Sudan grass 
forage as from com, tankage, and alfalfa forage, and the hogs will be 
practically as well finished. 

Methods of feeding kafir. Thompson of the Oklahoma Station 
made extensive tests of the various methods and forms of feeding kafir 
to pigs. His conclusions, based on the results of experiments covering 
four years, are quoted below. 

1. Kafir corn fed in the head has not proven as efficient either from the 
standpoint of gains or cost of gain as threshed or ground kafir corn. 

“M. L. Baker and C. F. Reinmiller, Bui. 323, 1939. 

u Weber, B. M, Anderson, and H. W. Marstoa, Or. 138, 1928. 

“Carl P. Thompson, Bui. 165, 1927. 
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2. Soaking kafir corn heads has lowered the value of kafir corn 23 percent 
in the three experiments conducted. 

3. Threshing kafir corn effected the saving of 33 percent in the amount of 
kafir corn required to produce 100 pounds of gain. 

4. It required 7.4 percent more soaked threshed kafir corn than of dry- 
fresh kafir corn to produce 100 pounds of gain. 

5. Grinding effected the saving of 8 percent in the amount of feed re- 
quired to produce 100 pounds of gain. 

6. Self'feeding of either whole or ground kafir corn was satisfactory, but 
gave results only slightly different from hand feeding. 

7. Fermenting whole kafir corn with yeast was only slightly superior to 
soaking whole kafir corn and did not give as good results as threshed kafir corn 
fed dry. Fermenting ground kafir corn with yeast caused a loss of 7.4 percent 
of its feeding value. 

8. Yeast feeding proved unprofitable. 

9. All the hogs excepting those fed on kafir corn heads made satisfactory 
gains, the most rapid gains being made by those receiving ground kafir 
corn. 

10. Whether or not one can afford to grind kafir corn for hogs will depend 
upon the cost of grinding. 


MUo compared kafir and corn. In five dry-lot experiments at 
the Kansas Station milo proved to be equal to if not superior to 
kafir for fattening pigs in the dry lot. Some of the experiments favored 
the kafir in economy of gains, and in about an equal number the milo 
was more efficient. Generally the rate of gain was a little faster on 
the kafir com, but, on the average, 100 pounds of milo was equal to 
104 pounds of kafir in producing gains. 

When whole milo and shelled com were compared in wcn-bafanced 
rations for growing and fattening pigs in the dry lot at the Nebraska 
Station, the results of three experiments showed the milo to have 
88 percent of the value of com, on the average. In palatability and 
rate of gain the two rations were practically equal. 

In an 83-day dry-lot experiment in which two varieties of milo 
were compared with shelled corn, scif-fed, free-choice, in wcll-bal- 
anced rations, Aubel of the Kansas Station *** secured fa^tef gain^ on 
slightly less total feed on the milo than the corn rations, although the 
milo-fed pigs consumed a larger proportion of tankage and alfalfa 
hay. He also found that grinding Wheatland milo did not increase 
efficiency. 


»’E. F. Fcrrin and H. B. NSinchoXcr, Cir. 19_l. T. K. II. SVfi..-. L— 
1913: w. A. Cochel. Kansas InJusinaJsst. 

‘•M. L. Baler and C. F. Reinnuller. BaL 3J. 

•‘C. E. Aubel. Or. 41-112. 1941. 
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FelerKa; canc or sweet sorghum; kaoling. Limited experimental 
data from the Kansas Station “ indicate that fattening pigs in the dry 
lot will do practically as well on ground feterita as on ground milo. 
In three trials the pigs receiving milo gained a little faster, but 
the amount of feed required for a unit of gain was practically the 


same. 

Experiments at the Kansas,®* Nebraska, and Oklahoma Sta- 
tions have shown that cane or sweet sorghum seed is considerably 
lower in value than corn for fattening well-grown pigs in the dry lot. 
The pigs getting com gained 20 percent faster than those getting cane 
sorghum, and for producing gains the cane sorghum had a value equal 
to about 80 percent of that of com. In one trial at the Nebraska Sta- 
tion a ration of one-half com nnd one-half cane sorghum was fed in 
comparison with rations of com alone and sorghum alone. In rate and 
cost of gains the results were intermediate between those obtained on 
the single grains. 

Fattening pigs fed kaoling meal and alfalfa hay at the South Dakota 
Station gained only 74 percent as rapidly as pigs fed com meal and 
alfalfa hay, and requited 25 percent more feed to produce a unit of 
gain. Somewhat better results were obtained with this feed, however, 
at the Kansas Station. 

Darso. The feeding value of darso was found to vary widely in ex- 
periments conducted at the Oklahoma Station.®' In the three trials this 
grain was ground and compared with ground corn for fattening well- 
grown pigs in the dry lot when fed in rations with tankage and min- 
erals. The rate of gain, on the com ration averaged 5 percent faster 
than on the ration containing darso, and 71 pounds less feed were 
required for the production of 100 pounds of gain. This difference, 
after converting the tankage to terms of com by multiplying by 2.4, 
gave to the darso a value equal to 83 percent of that of com. 

Proso millet seed. This grain, which has a composition much the 
same as com, was compared with com in three dry-lot experiments 
conducted by Wilson and Wright of the South Dakota Station.®* The 
com was fed whole and the proso ground, both self-fed, along with 
a supplemental mixture of tankage, alfalfa hay, and minerals, self-fed. 


•■T. R. H. Wright, Bui. 192. 1913; E. F. Ferriu and H. B. Winchester. Cir. 89, 1921. 
“ T. R. H. Wright, Bui. 192, 1913. 

W. P. Snyder and E. A. Burnett, Bui. 124. 1912. 

Carl P. Thompson, Bui. 148, 1923. 

“James W. Wilson, Bui. 157, 1914. 

“ Carl P. Thompson, Bui. 148, 1923. 

“James M. Wilson and Turner Wright, Bui. 316, 1938. 
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The pigs were well-grown, weighing about 130 pound's \yhen trials 
started, and approximately 237 at the close. 

The corn rations, on the average, produced faster gains by the di'- 
ference between 1.75 and 1.60 pounds daily, and gieater gams for a 
unit of feed. In efficiency, ground proso proved 92 percent as ..iluabie 
as shelled corn. 


HOMINY FEED 

This com by-product is nearly a complete substitute for corn in 
rations for swine. It may be designated either as hominy feed, hommy 
meal, or hominy chop. It is defined as follows by the Association of 
American Feed Control Officials: “Hominy feed is a mixture of corn 
bran, com germ and a part of the starchy portion of either white or 
yellow com kernels or mixture thereof, as produced in the manufac- 
ture of pearl hominy, hominy grits, or table meal, and .shall contain 
not less than 5 percent of crude fat.” It is white or yellow, depending 
on the color of the com used. 

Hominy is like corn in being rich in carbohydrates and low in pro- 
tein, minerals, and many of the vitamins. The quality of protein, like 
that in corn, is inferior. Somewhat more of fiber and fat is contained 
in hominy feed than in com. White hominy feed, like while corn, is 
wholly lacking in vitamin A. Both the white and yellow varieties 
probably are deficient in some of the B-complex vitamins and those 
associated with or contained in the APF factor. In feeding hominy 
feed therefore, the same amount and kinds of suppiements are re- 
quired to balance it as would be necessary when com is fed. Hommy 
feed usually will keep better in storage than ground corn because it is 
manufactured from com which usually is kiln-dricd 

Hominy feed compared will. corn. In Table 151 are ^unmunred 
the average results obtained in 18 

Indiana Iowa,« Nebraska,^* and Ohio Stations.- m each o »h.eh 
shelled or ground com was compared with ssh.te 
feed for growing and fattening pigs fed either m dry lols or on ora 
from an average beginning weight of 74 Xi;'. -*;’ -‘t' 

pounds. Only those trials in which adequate pro tern ' . 

piemen, s wem fed are included. In a 1 caw-s .IV. 

and alfalfa, or the irio-mi.Mure was fed. Twd e - 

-J. It. Stinner and C. G. Smr. But IV.S: C. M. V Aid. 0.1 • -1. 1 
"J. .\l. Evsard and R- Dunn .V an™. Be*- 
” II. J. Cramhch anJ C L. ^ ..^1^ 

**\V. L. Kobison, Mimco. Kr^i. 
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were under dry-lot conditions, and six were on pasture. The rations 
were either self-fed or hand-fed, according to appetite. 


Tabic 151. Hominy Peed versus Corn for Growing and Fattening Pigs 
{Average 18 Experiments) 


Ratio/is 

Daily Feed 
Consumption 




lb. 

lb. 

lb. 




Corn 360 

Corn + supplement 

6.10 

1.548 

Tank, equiv. 34 




Total 394 

Hominy feed + 



Hominy 37 1 

supplement 

5.66 

1.409 

Tank, equiv. 3 1 




Total 402 


In practically all cases the com ration proved more palatable than 
the hominy ration. The pigs receiving com consumed, on the average, 
7.7 percent more feed daily and gained 9.8 percent faster than those 
getting hominy feed. Also, the hominy ration was not quite as efheient 
as the com ration. Based on the amount of feed required to produce 
a given gain, the hominy feed in these trials had a value equal to 98 
percent of that of corn. 

Several experiments have shown that a combination of equal parts 
hominy feed and com is equal if not superior to com alone when fed 
in well-balanced rations to growing and fattening pigs. 

Both white and yellow hominy feed were fed in the above trials. 
Any difference in feeding value between the two is obviously due to 
the presence of considerable vitamin A in the yellow and its absence 
in the white. Robison of the Ohio Station concluded after two ex- 
periments in which the two were compared, that when fed in rations 
which included about 4 percent of alfalfa meal there was no significant 
difference between them. 

High-fat hominy feed may produce soft carcasses. The amount of 
fat contained in hominy feed varies considerably. Robison reports that 
of 111 samples analyzed at the Indiana Station from 1907 to 1920,” 
46 contained 8.S percent of fat, 17 contained 7 percent or less, while 
48 samples contained percentages between these. As given by Morri- 
son, No. 2 corn contains an average of 3.9 percent of fat, and hominy 

«\V. L. Kobison. Bui. 607, 1959. 

"Buis. 209. 217, and 242. 
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feed (5 percent fat or more) 6.9 percent; low-fat hominy feed con- 
tains 4.3 percent of fat. Since corn fat is composed mostly of low- 
melting fats and oils, it is obvious that a ration in which hominy feed 
is the chief carbonaceous ingredient would have a tendency to produce 
soft carcasses. 

Vestal and Shrewsbury of the Indiana Station in seven dry-lot 
experiments with pigs fed from an average of 76 pounds to market 
weights, in each of which com and hominy feed were compared in 
their effects on carcass quality, secured the results as summarized in 
Table 152. 


Table 152, Effect of Hominy Feed on Carcass Grade 



Number 


Chilled Carcass Grades 


Rations 

of 

Carcasses 

Hard 

Medium 

Hard 

Medium 

Soft 

Soft 

Oilv 

Corn 

81 

73 

7 

I 

0 

0 

Hominy feed 

81 

0 

13 

29 

37 

2 


RICE BRAN; RICE POLISH; BREWER’S RICE 

In the mUl'mg or production of polished rice for human consump- 
tion there are produced the by-products rice bran, rice polish, and 
brewer’s rice, which are used as substitutes for com in pig rations in 
Louisiana, Texas, Arkansas, and other states. Rice bran consists of 
the outer covering, or bran layer, of the kernel, and the germ, together 
with a small unavoidable amount of hull fragments. After the germ 
and the outer bran layer have been removed, the rice kernel is polished 
to remove the deeper or last bran layer. This powdery material is rice 
polish. For each 100 pounds of rough rice milled, about 63.9 pounds 
of whole or broken kernels, 12.9 pounds of bran, 3.7 pounds of polish, 
and 19.5 pounds of hulls are obtained. *« Breuer’s rice represents the 
small and broken pieces of the rice kernel, which are separated from 
the round kernels preparatory to milling. The average composition of 
these products, as given by Morrison,** arc shown in Table 153. 

Rice bran, it is to be noted, is very high in its fiber and fat content. 

It is immediately obvious that it is too bulky for rapid gain.'* and hlel> 
to produce soft carcasses \vhcn fed as the principal part of the ration. 
Its protein supply is about the same as in barley and oau. 

"C. .M. and C. L. Shrc»^^uf>. U-L 501 . IWt 

"Jcnlaa W. Joaa and I-arnvf** B..I l;.«. ^ 

"F. D. .Mofmo.n. Faeds -t»* cd.. X. 
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Table 153. Composition of Rice By-products, Corn, Hominy 
Feed, and Peanuts 


Feeds 

Dry 

Matter 

Protein 

N~free 

Extract 

Fiber 

Fat 

Cal- 

cium 

Phos- 

phorus 

Rough rice, 

% 

% 

% 

% 

% 

% 

% 

or rice grain 

88.8 

7.9 

64.9 

9.0 

1.8 

0.08 

0.32 

Rice bran 

90.9 

12.5 

39.4 

12.0 

13.5 

0.08 

i;36 

Rice polish 

89.8 

12.8 

51.4 

2.8 

13.2 

0.04 

1.10 

Brewer’s rice 

88.3 

7.5 

78.8 

0.6 

0.6 

0.04 

0.10 

Corn No. 2 
Hominy feed, 

85.0 

8.6 

69.3 

2.0 

3.9 

0.02 

0.27 

5-t-% fat 
Hominy feed, 

90.4 

11.2 

64.2 

5.2 

6.9 

0,22 

0.71 

low fat 

89.7 

10.6 

67.4 

5.0 

4.3 



Peanut kernel 

94.6 

30.4 

H.7 

2.5 

47.7 

0.06 

0.44 


Rice polish also is sufficiently high in fat to suggest trouble from 
soft pork, but is much lower in fiber and more concentrated in char- 
acter than rice bran. Except for its high fat content, it is very similar 
to com. Brewers’ rice is more like com in composition than either of 
the other two by-products. It is very hard and flinty in character, 
however, suggesting the need of grinding. All of these products, like 
corn and the other cereal grains, are notably deficient in minerals and, 
presumably, also in most of the vitamins. 

Experimental feeding results. The following conclusions concerning 
the feeding value of rice by-products are indicated by the studies of 
Martin of the Arkansas Station,^® Williams and Warren of the Texas 
Station,’® and Robison of the Ohio Station.®® 

Neither rice bran nor rice polish is as palatable as com. This prob- 
ably is due to the high fat content and its tendency to become rancid 
in hot weather. Rations containing a low-level of either, with com, 
however, proved more palatable than those containing com without 
the rice products. 

Like the grains, rice bran and rice polish must be supplemented 
with protein-rich feeds, as well as with minerals, and vitamins. 

Both rice bran and rice polish, because of their high content of low- 
melting fats, produce soft carcasses when used as the chief fattening 
feeds in the ration and when fed for an extended period. 

” Edgar Martin, Bui. 303, 1934. 

■»D. W. Williams and G. R. Warren, Bui. 313, 1923. 

L. Robison, Bui. 607, 3939. 
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A ration composed of 60 percent corn, 30 percent rice bran, and 
10 percent of tankage gave very satisfactory gains and produced car- 
casses that generally graded hard or slightly soft. A mixture of 55 
percent corn chop, 20 percent rice polish, 15 percent wheat shorts, 
and 10 percent of tankage fed the entire time produced too many soft 
hogs. 

Robison says: “Inasmuch as 5.5 percent of softening fat is about 
the maximum in a ration that can be fed constantly without producing 
objectionably soft pork, unless their fat contents are below the aver- 
age, not more than 16 percent of rice polish or 12.5 percent of rice 
bran can be incorporated in a com and tankage ration with safety, so 
far as the production of pork of a satisfactory degree of firmness is 
concerned.” 

These studies indicated that the most successful practice generally 
was to limit the use of rice bran or rice polish to the early part of the 
growing-fattening period, followed during the last 8 or 10 weeks on 
hardening feeds, such as brewers’ rice or other grains; or to restrict 
the amount fed so that the percentage in the ration did not exceed 12 
to 16 percent. 

Brewers’ rice and tankage proved slightly superior to com and tank- 
age at the Arkansas Station when self-fed. Twelve parts of brewers’ 
rice was consumed to one part tankage. Because of its low fat con- 
tent, brewers’ rice is a good hardening feed. 

PEANUTS 

Peanuts are a high-oil, protein-rich feed, more concentrated in 
character than any other known feed. Their concentration is due to 
the high fat or oil content, which constitutes 40 to 50 percent of the 
kernel, and to their low fiber content. They average about 30 percent 
of protein. Feeding experiments and chemical analyses indicate that 
the chief deficiencies of peanuts, in addition to the excessively high oil 
content, are concerned mainly with the supply of minerals, particularly 
calcium and common salt, and vitamins. Quality of the protein appears 
to be quite superior. 

Low-grade and unmarketable peanuts arc extensively used for pig 
feeding in the South, especially during the early growth period from 
weaning to a weight of about 125 pounds. Peanut oil meal i> a low- 
fat, high-protein concentrate, the supplementing value of which hav 
been considered in Chapter XIV. In Chapter .\I the gracing of pea- 
nuts was discussed. W'e will consider here the feeding qualities of t.he 



442 


PORK PRODUCTION 


whole seed or kernel (without the hull) when used us the main part of 
the pig’s ration and when fed under dry-lot conditions. 

Summary of experimental results. The questions which concern the 
chemical deficiencies of peanuts and the amount and kind of supple- 
ments required to make a complete ration for pigs during the early 
part of their growth period, appear to have been settled in the main 
through the critical studies of Halverson, Hostetler, and Sherwood of 
the North Carolina Station.®* These studies covered a period of 6 
years and involved chemical feed analyses, carefully controlled indi- 
vidual and group-feeding trials, and a complete statistical analysis of 
the experimental data obtained. A good uniform quality of No. 2 or 
3 grade shelled Virginia Runner peanuts were fed in the majority of 
the trials. The peanuts were variously supplemented with mineral mix- 
tures, high-grade alfalfa meal, No. 1 tankage, or menhaden fish meal 
(55 percent protein), and wheat shorts. The pigs were home-bred and 
consisted of pure or crossbreds of the Poland China, Duroc Jersey, 
and Hampshire breeds. 

Below are given the observations and conclusions of the authors in 
summarizing the results obtained: 

The data show that alfalfa meal and a mineral mixture are the only additional 
feeds necessary to produce satisfactory daily gains and that there is an eco- 
nomical consumption of peanuts per unit of gain when fed to pigs of average 
initial weights of 35 to 65 pounds. 

There was no apparent advantage in adding tankage (or fish meal) and 
wheat shorts to a ration consisting of peanuts, mineral mixture, and alfalfa meal. 

Animal proteins did not appear to be necessary for adequate daily gains in 
weight or economical utilization of feed when the mineral and vitamin defi- 
ciencies of the peanuts were supplied. 

The results shown in this bulletin include a statistical study of the individually 
fed pigs and the relative importance of the factors, in the lot fed pigs, of aver- 
age daily gain, feed consumption per hundred pounds of gain, and the influence 
of the non-peanut protein on the proteins furnished by the peanuts. The study 
did not show any beneficial influence of the non-peanut protein, tankage (or 
fish meal ) , and wheat shorts. 

The results lead to the conclusion that the proteins and other nutrients in 
the ration consisting of shelled peanuts, mineral mixture, and alfalfa meal arc 
adequate for growth in the pig; and when the mineral and vitamin requirements 
in a ration of peanuts arc supplied, animal proteins do not appear to be neces- 
sary. The vitamin A supplied in these rations through alfalfa meal could, of 
course, be obtained under field conditions by the use of a green grazing crop. 

Studies by Kirk and Crown o£ the Florida Station emphasized 
the poverty of peanuts in calcium and common salt. When salt and- 

J. O. Halverson, Earl H. Hosteller, and F. W. Shervi'ood, Tech. But. 41, 1931- 

**W. G. Kirk and R. M. Crown, Bui. 372, 1942. 
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calcium carbonate were added to a peanut ration, in three experiments 
covering 118, 132, and 132 days, the gains were more than doubled 
compared with those obtained on peanuts alone, and the post-mortem 
studies showed the bones to have a higher specific gravity and greater 
breaking strength. 

Peanuts produce soft pork. The soft-pork problem has always been 
a serious one in peanut-feeding areas. Since they contain 40 to 50 
percent of fat or oil, and since this' fat, like that of all plants, has a 
very low melting point, rations composed mostly of peanuts produce 
soft hogs. Extensive studies have been made by the U.S. Department 
of Agriculture in cooperation with a number of experiment stations 
in the South for the purpose of determining ways and means of pro- 
ducing firm carcasses from pigs fed largely on peanuts. The progress 
that has been made in solving the problem is indicated by the follow- 
ing tentative conclusions: 

Peanuts grazed or self-fed in dry lot with or without minerals to pigs starting 
at weights ranging from 85 to 114 pounds and making gains of approximately 
40 pounds or more on that feed through a period of approximately eight weeks 
will not produce firm carcasses at the usual market weight of 200 to 225 pounds 
attained by the subsequent feeding of corn with tankage after the peanuts. Re* 
suits have shown, in fact, that gain on com with tankage up to approximately 
120 pounds, this maximum being produced during a feeding period of approxi* 
mately 16 weeks’ duration, following gains of 40 or more pounds on peanuts, 
usually will not produce hard or medium-hard hogs. As the gain on peanuts 
increases, the subsequent gain on corn with tankage necessary to produce a 
certain degree of firmness fikew/se incre^es. 

In comparing the results from the pigs having initial weights from 115 to 
142 pounds with those from the lighter-weight pigs (referred to above) it is 
apparent that it is fully as difficult to produce firm hogs from the former as 
from the latter. There is an indication, in fact, that the hardening progresses 
more slowly with the heavier pigs, the gains on peanuts having been equal. The 
results strongly suggest that if a practical plan of producing firm hogs under 
this system of feeding is to be developed, it must make use of pigs weighing 
less than 85 pounds at the beginning of the peanut-feeding period. 

CULL BE^VNS; CULL PEAS 

As shown in Table 154, field beans and field peas arc very much 
alike in composition. Both are legumes, quite extensively grown in the 
North and Northwest. Their protein content suggests that they may 
appropriately be used in the ration either as a partial substitute for the 
grain or as a supplement. They, of course, function as both whenever 
fed. 

“O. G. Hankins, N. R. FJlis. and J. IL ZcIIcr, DepU BuL 14?:, t9;i. 
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Fig. 59. The bacon bellies are most seriously affected by softening rations. 
The bacon at the left is from a hog which had been fed an excessive amount 
of soybeans; the one at the right is from a hog fed corn and tankage (III. Exp. 
Sta., Did. 366J. 

Tabic 154. Composition of Field Beans and Field Pcas^'^ 


Feeds 

Dry 

Matter 

Protein 

N'free 

Extract 

Fiber 

Fat 

Cal- 

cium 

Phos- 

phorus 

Field or navy 

% 

% 

% 

% 

% 

% 

% 

beans 

90.0 

22.9 

57.3 

4.2 

1.4 

0.15 

0.57 

Field peas 

90.7 

23.4 

57.0 

6.1 

1.2 

0.17 

0.51 


Cull beans arc made up of the broken, shrunken, discolored, or 
otherwise bclow-gradc beans obtained in the sorting and grading proc- 
esses preliminary to marketing. These arc mostly of the white or navy 
variety grown for human use. 

Investigations conducted by Edwards and Brown of the Michigan 
Station “ indicate that cooked cull beans arc an economical and fairly 
eflicient feed when properly fed to growing and fattening pigs. In three 
dry-lot experiments they compared the protein supplementing clli- 
ciency of cooked cull beans with tankage for full-fed pigs from a 
weight of 105 to 200 pounds. The remainder of the ration consisted 
of ground com. alfalfa hay, and a suitable mineral mixture. The pro- 
portions of tankage and beans fed in the respective rations were such 
as to ensure approximately the same nutritive ratio. 

The pigs which received the ration supplemented with tankage 
gained 38 percent faster than those on the ration supplemented with 
the cooked beans, and the total amount of feed required to produce 

" I-. 13. .Mo;riv>n, FreJt und 2Ut eJ . Table I. AppenJU. 

“ W. IL J. EvlxtatJ'. ^*’'4 U*v>»*n, Cir. 31. 1^37, anJ A. {(. l-callct 36. 193J1. 
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100 pounds of gain was 424 and 457 pounds, respectively. One hun- 
dred pounds of beans had the computed value approximately of 43 
pounds of tankage. Although the tankage ration was more effieient, 
the actual money cost was less on the ration containing the beans. 

In other trials by the same investigators it was shown that a com- 
bination of cooked cull beans and tankage gave significantly faster 
and more economical gains than beans alone. 

Studies by Beeson and Hickman and of Lehrer and Hodgson of 
the Idaho Station showed that when ground peas were substituted 
for 20 and 33 percent, respectively, of the rolled wheat in rations bal- 
anced with the trio-mixture and minerals for growing and fattening 
pigs in dry lots, the beans had computed values equal to 124 and 109 
percent of the wheat. That ground cull peas can be used successfully 
as a partial or complete substitute for meat meal in self-fed, free- 
choice rations for pigs on pasture, was demonstrated in another experi- 
ment at the same station by Lehrer and associates.®* 

Results secured by McElroy of the University of Alberta *“ showed 
that peas could be successfully used in place of tankage to balance an 
oats-barley ration. He found that 103 pounds of peas had the replace- 
ment value of 27.6 pounds of tankage, 21 pounds of oats, and 63.8 
pounds of barley in producing gains. 

Warwick and associates of the Washington Station in three years’ 
trials found that rations of wheat and barley supplemented wholly or 
in part with cull peas produced as rapid and economical gains with 
growing-fattening pigs on Sudan grass pasture as when meat meal or 
soybean oil meal was used as the protein supplement. In two experi- 
ments under dry-lot conditions, rations balanced with cull peas pro- 
duced faster and more efficient gains than the same rations balanced 
with meat meal. 


POTATOES 

Potatoes are extensively grown as a feed crop in Germany and other 
European countries. In the United States they usually are fed profit- 
ably only when there is an abnormal oversupply and the price is low 
compared with other feeds, or when cull or unmarketable grades arc 
available. 

"W. n. Bteson and C. W. Hictman. Cirs. 105 and 106 . 1945 

”W. P. Lehrer and C. W. Hodsson. Cir. 107. 1946. 

“\\'. P. Lehrer. W. II. Beckon, and AI%in Wdion. Cir. 104. 1946. 

"L. W. McElroy, .MImeo. No. 130. 1945. 

“E_ J. Warwick. T. 5. Cunha. and M. E. Ea-aninrcr. U-L loJ. P441- 
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Potatoes are composed mostly of starch and water. On the dry- 
matter basis, they are even more carbonaceous than com. They con- 
tain about 80 percent of water and, like the grains, are very deficient 
in calcium, common salt, and vitamins. They are one of the few feeds 
that require cooking for satisfactory results. It has the effect of in- 
creasing their digestibility and improving greatly their palatabUity. 

Potatoes compared with corn. Studies which have been made by 
Wilson and Kuhlman of the South Dakota Station demonstrated 
very well the value of cooked potatoes when fed under favorable con- 
ditions to well-grown fattening pigs. In four dry-lot experiments they 
compared a ration of com and tankage with one of com, cooked po- 
tatoes, and tankage, about three parts of potatoes being fed to one part 
of com. The potatoes generally were of the cull grade. The pigs aver- 
aged 1 13 pounds in weight at the beginning of the trials. 

Good gains were made on both rations: they averaged 1.38 pounds 
daily on the com-tankage ration and 1.197 pounds on the com-potato- 
tankage ration. For producing a unit of gain 338 pounds of potatoes 
ha'd a calculated value equal to 100 pounds of com. 

This is a somewhat higher value for potatoes than was shown in 
earlier experiments at the Wisconsin Station and the Ottawa Experi- 
mental Farms. Also, Henry and Morrison’s summary of Fjord’s ex- 
periments at Copenhagen (Denmark) gave 400 pounds of cooked 
potatoes the value of 100 pounds of mixed grain. English tests indi- 
cate that 4 pounds of cooked potatoes will replace 1 pound of barley 
meal in the diet of the bacon pig.®- 

In the South Dakota studies pigs gained less than half as fast on 
uneooked as on cooked potatoes, and 100 pounds of the cooked pota- 
toes proved equal to 138 pounds of raw potatoes. These investigators 
suggest that for best results cooked potatoes should not replace more 
than onc-half the com in the ration, that the potatoes should be salted, 
and that no more water be used in cooking than is necessary. They also 
suggest the advisability of making available alfalfa hay in winter 
feeding. 

Sweet potatoes, owing to their lower water content, have a some- 
what higher feeding value than the Irish variety, and arc more palata- 
ble. They have, however, the same chemical deficiencies in their pro- 
tein and mineral content. Sweet potatoes can be most profitably used 
when the pigs arc allowed to graze them, according to the custom in 
the South (see Chapter Xf, page 313). 

“Jamci W. Wilson and H. Kuhlman, Dul. 209, 1924. 

**H. E, Woodman and R. E. Evans, Jr. Azr. Set., Vol. 33, 1943. 
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Deliydraled polafocs. Dehydrated potatoes, containing about 10 
percent of moisture, are now available in variable amounts in the 
form of meal or flakes. As reported by McMillen and associates of 
the Michigan Station feeding experiments testing their value in com- 
parison with corn or barley have been made at the Minnesota, Cali- 
fornia, North Dakota, and Michigan Stations. 

Results of these studies indicate that for growing and fattening pigs 
as much as 30 percent of the corn may be replaced with potato meal 
or flakes, pound for pound, in otherwise well-balanced rations with 
satisfactory results as measured by the rate and economy of gains. 
When fed at this level at the Minnesota Station, a pound of potato 
meal was equal approximately to a pound of com. 

Hughes of the California Station concluded that potato meal could 
be successfully fed with barley at the level of 25 percent of the ration 
to all classes and weights of hogs with satisfactory results. The North 
Dakota investigators found that partly grown shotes could efficiently 
use a ration in which dehydrated potatoes replaced one-half the com. 
The results generally suggested that pigs over 120 pounds are able 
to use potato meal or flakes to better advantage than younger 
pigs. 

As a result of their studies at Cambridge University, Woodman 
and Evans recommend that potato meal (dehydrated potatoes) be 
limited to 10 percent of the total ration for pigs up to 60 pounds in 
weight, to 20 percent from 60 to 100 pounds, and to a maximum of 
30 percent at 150 pounds. Excessive amounts for young pigs gave rise 
to digestive disturbances and scouring. The same authors made chem- 
ical and digestion experiments with potato peelings. They found that 
4.65 pounds of peelings contained as much digestible nutrients as 4 
pounds of potatoes, which suggests that the parings are worth about 
86 percent as much as potatoes in pig rations. 

ROOTS 

Roots are of little economic importance in the production of pork 
in the United States, first, because the weather and labor conditions 
required for their production are such as to make them less profitable 
than the cereal grains, and second, because of their watery character 
they are not so well adapted to the simple digestive system of the pig 
as are the more concentrated grains. In Canada and the European 
countries, and in some sections of our own Northwest, however, roots 

“ W. N. .Mc.Millen, G. A. Bro>ra. and B, W. LuccLe. Ql. But . VoL 30. .No. 4, 1944. 

“H. E. Woodman and B. E. E>aas. Jr. Asr. Set.. VoL 33. 1943. 
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are used as adjuncts to the cereal grains, particularly for the mainte- 
nance o£ the breeding herd. 

The roots commonly fed to hogs — sugar beets, mangels, carrots, 
and rutabagas — contain from 84 to 90 percent of water. One hundred 
pounds of roots supply only one-fifth to one-eighth as much dry matter 
as the same weight of com. Like the grains they are carbonaceous in 
character. They are very deficient in minerals, especially in calcium, 
and have little or no value as sources of vitamins, although carrots are 
rich in vitamin A. Because of their high water content, roots are laxa- 
tive in their effect. 

When chopped into small cubes, or otherwise prepared in suitable 
form, and fed in amounts to replace no more than about one-fourth of 
the grain portion of the ration, roots wiU have a value compared with 
the grains about equivalent to the dry matter supplied. This is to say 
that, when fed under favorable conditions, 5 to 8 pounds of roots 
would be required to equal in feeding value 1 pound of grain. Unlike 
potatoes, roots give better results when fed raw than when cooked. 

CANE MOLASSES 

Cane molasses, or blackstrap, is strictly a carbonaceous concentrate, 
sufficiently similar to corn in composition to suggest the possibility of 
its use as a partial substitute for this grain in fattening rations. Because 
of its higher water content, however, 100 pounds of molasses contains 
only about 70 percent as much digestible matter as an equal amount 
of corn. Its protein content is considerably less than in com and its 
nutritive ratio consequently much wider. The carbohydrates of corn 
are largely starch, whereas in molasses they consist mostly of sugars. 
Although sugar is more readily soluble than is starch, the digestive 
system of the pig is apparently better adapted to the use of starch than 
of sugar. 

The low price of mohasses which has prevailed in recent years has 
brought about some renewal of interest in the feed as a substitute for 
corn in rations for growing and fattening pigs. As early as 1910, Bums 
of the Texas Station reported better results from corn alone than 
from rations in which blackstrap replaced 25 or 50 percent of the corn, 
for fattening well-grown pigs. In one trial at the Oregon Station ““ 
with well-grown shores fed in the dry lot, cane molasses proved equal 
to barley when fed in a ration composed of 72 percent barley, 20 per- 

**John C. Bums. Bui. 131. 1910. 

‘^E. J. FjclJsUd and E. L. Poticr, DuL I65» 1919. 
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cent molasses, and 8 percent of tankage. In another experiment at 
the same station, replacing one-fifth of the mill run with an equal 
weight of molasses increased the consumption of feed and resulted in 
a value for the molasses equal to that of mill tun. These investigators 
reported that molasses purchased in barrel lots cost 50 percent more 
than when bought in large volume and delivered in tank cars. Large 
commercial feed manufacturers obtain their supplies in the latter 
form. Hackedom and Sotola of the Washington Station found cane 
molasses, equal in value to barley when the molasses replaced one- 
half the barley in rations for fattening pigs on pea forage. When fed 
to pigs in the dry lot, however, molasses proved less efficient than 
barley when replacing one-half of the barley at the rate of V/i pounds 
of molasses for 1 pound of barley. At the Mississippi Station a ra- 
tion of five parts com, five parts shorts, and one part tankage gave 
slightly faster and cheaper gains than a ration in which two to three 
parts of the com were replaced by blackstrap molasses at the rate of 
IVi pounds of molasses for 1 pound of corn in a 5 1 -day feeding 
period with well-grown shotes in the dry lot. 

Experiments covering two years at the Wisconsin Station by Boh- 
stedt and associates showed cane molasses to be worth somewhat 
less than corn for growing fattening pigs, while its cost was con- 
siderably greater. They obtained better results when the molasses was 
mixed with the grain portion of the ration and the mixture self-fed 
separately than when the molasses was mixed with the protein supple- 
ment and self-fed. 

Carroll of the Illinois Station recently conducted an experiment 
in which three lots of 20 pigs each were fed in open fallow lots from 
a beginning weight of 70 pounds to a finishing weight of about 200. 
The first lot was fed a well-balanced feed mixture composed of com, 
tankage, soybean oil meal, alfalfa meal, and salt. In the second lot 
cane molasses was substituted for enough of the com to make it 
amount to 20 percent of the ration mixture. Enough molasses was 
substituted for the corn in the third lot to make it represent 30 percent 
of the mixture. The proportions of tankage and soybean oil meal were 
varied so that the three rations were practically identical in protein 
content. In all cases the rations were mixed and fed by hand, accord- 
ing to appetite. The results are summarized in Table 155. 

" H. Hackedom and J. Solola. But. 109. 1922. 

“ B. Barnelt and C. J. Goodcll. Bui. CIS. 19Z3. 

“O. Bohslcdl. Bol. 42S, 1934 and Bui. 430. 1935. 

‘“W. E. Carroll. Information lo Ihc aulhor. 
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Table 155. Cane Molasses as a SubsHhite for Com for Growing 
and Fattening Pigs 


Rations 


Daily Feed 
Consumption 

Daily 

Gain 

Feed Required 
for 1 Cwt. Gain 



Ib. 

lb. 

lb. 


Feed mixture ' 

100% 

7.00 

1.79 

Feed mixture 

392 

Feed mixture + 

80% 

6.84 

1.44 

Feed mixture 

381 

Molasses 

20% 



Molasses 

95 





Total* 

476 

Feed mixture 

70% 

6.97 

1,38 

Feed mixture 

362 

Molasses 

30% 



Molasses 

145 





Total 

507 


The substitution of molasses for com in these proportions was 
clearly unprofitable. Soon after the experiment began, it was evident 
that the pigs receiving molasses were not thriving. This was shown, 
not only by their slower gains and lack of condition, but also by their 
rough hair coats and lack of appetite. Those fed molasses required, 
respectively, 20 and 27 days longer to attain finished weights, and for 
producing a unit of gain 100 pounds of molasses had an average value 
in the two lots equal only to 16^ pounds of the feed mixture. 

Aubel's results at the Kansas Station showed that the addition 
of 1, 2, or 3 pounds of molasses daily per head to a ration of shelled 
com, tankage, and alfalfa hay for pigs in the dry lot increased the cost 
of gains even with com priced at $1.26 per bushel and molasses $26 
per ton. At the Florida Station we fgjj jq percent of blackstrap 
molasses in a ration of com, fish meal, alfalfa leaf meal, and minerals 
made practically the same gains but required more feed for a unit of 
gain than those fed the same ration without the molasses. Feeding as 
much as 20 to 40 percent of molasses in the ration decreased the rate 
and increased the cost of the gains. 

Results obtained in an 81-day feeding trial with well-grown fatten- 
ing pigs by Ferrin of the Minnesota Station wa showed that cane 
molasses was eaten with greater relish and produced faster and 
cheaper gains when fed with ground oats than with ground com. 
Pigs getting ground oats as the only grain in a well-balanced ration 
consumed molasses sulficicnt to constitute 23 percent of the ration; 

”C. E. Aubcl. llog Cir. 37A, 1937. 

‘“W. G. Kirk and R. sr. Croim. Bal. J23. 1947. 

‘“E. F. Ferrin, Miraco. H.69. 1936. 
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tliosc fed half ground oats and half ground com were successfully fed 
as much as 20 percent of molasses in the ration; in the lot in which 
ground corn was the sole grain fed, the pigs could be induced to eat 
no more molasses than sufficient to represent 13 percent of the ration 
without causing a serious reduction in feed consumption. The results 
suggested that the higher fiber conteat of the oats rations was related 
in some way to the better accommodation and use of the sugar-rich 
molasses. In a later trial, using younger pigs, Ferrin fed 1.3S, 1.52, 
and 1.60 pounds of cane molasses per pig daily, respectively, to three 
groups of pigs. Ground corn alone was fed in the first lot, equal parts 
ground corn and ground oats in the second, and ground oats alone in 
the third lot, in addition to a protein supplement and mineral mixture. 
The pigs fed the corn-molasses ration made the fastest gains and re- 
quired the least amount of feed to produce a unit of gain, but they 
showed a greater tendency to scour than those fed the oats-molasses 
ration. 

The failure of pigs to do well on rations containing considerable 
molasses may be due in part to the physiological fact, observed in 
humans, that the ingestion of large quantities of sugar is likely to 
cause irritation of the stomach and result in excessive acid fermenta- 
tions. 


CITRUS MEAL 


Dried citrus pulp or citrus meal is defined by the Association of 
American Feed Control Officials as the dried and ground peel, residue 
of the inside portions, and occasional cull fruits of the citrus family 
with or without the extraction of part of the oil of the peel. If calcium 
oxide or calcium hydroxide is added as an aid in processing, the 
maximum percentage present, expressed as calcium (Ca), must be 
stated. 

Cannery refuse consists of the peel, rag, and seed. They arc high 
carbohydrate products, containing 85 to 90 percent of dry matter, 
around 5 percent of protein, 65 to 70 percent of nitrogen-free extract, 

1 1 percent of fiber, 1 percent of fat, and 4 percent of ash. The amount 
of this annually produced in the slate of Florida from 1929 to 1934 
was as follows: from grapefruit, 64,040 tons; from oranges, 65,642 


tons.'®:' 

Kirk and Crown of the Florida Station fed grapefruit meal to 

*’*E. F. Ferrin, Nfimco. 11-70, 19J7. 

’•W, M. Neal, R. Q. BccUer, afiJ I*. T. Dix AmoM, Fix E*p. Stx Il-l. -.5. I '35. 
‘-W. G. Kirk and R. M. Crown, Bui 42S. IW7. 
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three groups of pigs in the dry lot, weighing 67 pounds at the start to 
a final average weight of 212 pounds at levels of 5, 10, and 20 percent 
of the ration, respectively. The basal ration was made up of com meal, 
fish meal, and minerals. They found that the ration in which 5 percent 
of the grapefruit meal replaced an equal amount of corn, the results in 
rate and economy of gains were similar to those obtained on the check 
ration. Feeding more than 5 percent caused digestive disturbances, and 
decreased the rate and increased the cost of the gains. 



XVI The Cost of Producing Pork 


The most important factor affecting profits in pork production is 
the cost of production. The other factor is the amount and quality of 
the finished product, or its sale value in relation to its cost. In this 
chapter chief consideration will be given to the cost-of-production 
studies which have been made in the Com Belt and to the improve- 
ment in feeding and management practices which they suggest. 

PRODUCTION COSTS BASED ON FARM COLLECTED DATA 

Cooperative studies made by the U.S. Department of Agriculture 
and the Illinois and Iowa Experiment Stations from 1913 to 1926 
supply data on the costs of production on typical Corn Belt areas as 
summarized in Table 156. There were 633 farms included in the sur- 
vey on which cost account records were taken by trained observers 
for the entire hog enterprise. The figures represent the rough averages 
of five selected studies. ^ 

Table 156. Summary and Distribution of Costs of Producing 100 Pounds of 
Live Market Pork Prior to 1926 


Concentrates fed for each 100 pounds of pork produced 474 Ib. 
Percentage of feed to total Costs l')To 

Percentage of labor to total costs TCo 

Percentage of other costs to total costs l4^o 


More recent studies by Wilcox and associates of the Illinois Sta- 
tion - of the cost of producing pork on 61 Illinois farms in 1945, 1946, 
and 1947 showed the following with respect to the average feed and 
other costs for 100 pounds of live market pork: 

ML C. M. Chase and R. C. Ro>4. IJL Exp. Six, Bui. 301. 19:?: John A. ILpii-at. 
la. Exp. Sla.. But. 155. 1929; R, H. Wilcox. W, E Carroll, and T. C Uotr.^r.s. I .. 
Exp. Sta. Bal. 390, 1933! Oscar Sieavon and R- H. WiLox. U4i-U-\.. Deri B .i 
13S1. 1926, 

* R. H, WiL-ox and A. C. Ruve. Minieo. Rpc. I'M?. 

VjS 
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Total feed concentrates, Ib 503 

Percentage of feed to total costs 75.9 

Percentage of labor to total costs . 10.3 

Percentage of other costs to total costs 13.8 


The largest item in the cost of producing pork is feed. Approxi- 
mately 80 percent of this is required to grow and fatten the weaned 
pigs to a weight of around 225 pounds, and 20 percent to maintain 
the breeding herd and raise the pigs to weaning age. 

Figures tabulated by Atkinson and Klein of the U.S. Bureau of 
Agricultural Economics ^ from data reported by the Farm Business 
Association of Illinois, Iowa, Minnesota, and Wisconsin from 1928 
to 1942 showed the amount of concentrates consumed by the entire 
hog enterprise for each 100 pounds of market pork to be as shown 
in Table 157. 


Tabic 157. Concentrates Consumed per 100 Pounds of Marketable Live 
Weight, as Reported by Farm Business Associalloas 



Number of Farms 

Pounds of Concentrates 
per 1 Cwt. of 
Marketable Cain 

Illinois 

3852 

428 

Iowa 

2498 

442 

Minnesota 

3268 ■ 

487 

Wisconsin 

103 

450 

Totals and average 

9721 

452 


These results in the average show a larger production of pork from 
a given amount of feed than those obtained in the earlier studies re- 
ported in Table 156. On the average, 4.6 percent less feed was re- 
quired to produce 100 pounds of live pork in the later than in the 
earlier studies. Tlic feed fed included that consumed by the breeding 
herd as well as tliat given tlic growing and fattening market pigs. 

Based on the results obtained in 12 selected experiments con- 
ducted at five Com Belt stations with growing and fattening pigs, to- 
gether with those obtained by Oscar Stcanson in a study of cost-pro- 
duction records in herds containing more than 10,000 sows, Atkinson 
and Klein * obtained the figure 411 as representing the total number 
of pounds of concentrates required in the production of 100 pounds of 
finished market hogs. From the author’s study of the items of cost, as 

* L, J. Aikinson and John W. Klein, Tech. Dut. 89-1, 1945. 

• /6i J. 
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detailed later in this chapter, it is calculated that 410 pounds of con- 
centrates were required to produce 100 pounds of live market pork 
in the system of production (C) when the sow is kept until four years 
old, produces a total of six Utters and averaging seven pigs raised to 
the litter. 

Increased feed costs with increased marketing weight relatively un- 
important. As discussed in Chapter VII (see Table 40) the amount of 
feed required to produce 100 pounds of gain live weight increases as 
the age and weight of the pig increases. But when the entire feed cost 
is considered, the feed fed the breeding herd as well as that fed the 
pigs from weaning to the respective market weights, the increase in 
feed costs is surprisingly small. 

Atkinson and Klein’s figures based on their comprehensive study. 
Feed Consumption and Marketing Weight of Hogs,^ as shown in 
Table 158, give a clear demonstration of this principle. 


Table 158, Feed Consumption of Hogs per 100 Pounds Live 
Weight Marketed 



Consumption oi Concentrates per 100 Pounds Live Weight 

Weight, 

Feed 


Index Numbers {225 lb. Butcher Hog = 100) 

Pounds 

Units 

Pounds 

Feed Units 

Pounds 


466 


99.5 

99.0 

225 

469 

411 


100.0 


472 

417 


101.3 

275 

477 

423 

101.7 

103.0 


483 

431 

103.0 

104.S 


“ Feed unit values used here were: com, I.OO; soybean oil meal, 1.75; tankage, 2.50, 
dried skim milk, 2.00. 


These authors say: “Hogs marketed at 200 pounds consume about 
one-half of 1 percent fewer feed units per 100 pounds of live weight 
than do hogs marketed at 225 pounds. Hogs marketed at 250 pounds 
require about 1 percent more, at 275 pounds about 2 percent more, 
and at 300 pounds 3 percent more feed units per 100 pounds of live 
weight than 225-pound hogs. Thus, varying the market weight of hogs 
by as much as 100 pounds has little effect on the feed consumption 
per 100 pounds of live weight marketed.” 

Only feed costs were considered here. Since feed represents on y 
75 to 80 percent of the entire cost of production, and since the over- 
head is little, if any, greater in producing a 300- as compared with a 

• L. J. Atkinson, and John W, Klein. l/.S.D.A^ Uj- E* , TewlJ. li I 
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200-pound market hog, it is apparent that the above slight differences 
would be further reduced when the entire costs are taken into con- 
sideration. 



Feed Units 

Fig. 60. Relation of feed costs to the amount and nature of the gains. 
As the pig grows and fattens the proportion of fat increases and all other 
parts, including the lean, decrease (courtesy, U.S.D.A., Bureau of Agr. Eco- 
nomics). 

The relation between the total feed costs and the amount and nature 
of the gain of growing and fattening pigs marketed at weights of 175 to 
325 pounds is shown diagrammatically by Atkinson and Klein “ in 
Fig. 60. 

Factors responsible for differences in costs. The summarized results 
of these farm management cost-of-production studies show general 
averages only, which is valuable information. What is more important, 
however, was the wide variation in the costs which was found among 
the individual farms, the result of the feeding, and management prac- 
tices followed. For example, in the Illinois studies of 1924, 1925, and 
1926, on one-third of the 106 farms which had the low-production 
costs, 100 pounds of pork were produced, on the average, at a cost of 
$6.22, while on the third having the high-production costs it required 


‘IbU. 
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$10.24.^ Wider variations still were found, of course, on the indi- 
vidual farms. The chief value of such studies to the producer is to be 
found in the reasons why some farmers were able year after sear to 
produce pork economically while others were not. Although it w.is not 
the purpose of any of these investigators to study in detail the c.iuscs 
responsible for the wide variation in costs, the following acre noted 
as significant factors; 

1. Better feeding methods generally were followed on the low-cost 
farms. Better judgment was used in the purchase and use of protein 
and mineral supplements; more intelligent use was made of forage 
crops and legume hay for winter feeding; the ration of the pregn.uu 
sows was more generally balanced, and the amount fed was more care- 
fully regulated. These improved feeding practices were retlected in 
lower costs for the maintenance of the breeding herd, better condi- 
tion of the sows at farrowing time, faster gains of the growing and f.il- 
tening pigs, and less feed for a unit of gam. They were also partly re- 
sponsible for a lower death rale among the nursing pigs. 

2. Sanitation and disease control were more generally practiced 
on the low-cost farms. The sows farrowed in cleaner iiouses, tiie joung 
pigs were kept away from oid hog lots and on clean pasture or eluser, 
and vaccination against cholera was more common. As a result, the 
losses among the suckling pigs due to scours, necrotic infections, 
worms, anemia, etc., were much less than on the higii-cost f.iriiis. th- 
number of pigs raised per sow was greater, and tlie sigor and feediii,; 
capacity of the pigs sucii that faster and clie.ijier eains ssere ui-ioe. 
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influenced by her care and feeding. The type and breeding of the 
boar used also affects the vigor and capacity of the pigs for rapid and 
economical gains. Such stock selected on the basis of family and 
breeding performance is essential for the cheapest cost of production 
as well as to give to the finished product the highest selling value. 

5. Observations made in the Illinois studies indicated no consistent 
difference between gilts and tried sows in the economical production 
of pork, although the practice of carrying over spring-mature sows to 
farrow the following spring, in the one-litter system, was shown defi- 
nitely to be unprofitable. Farms producing two litters annually showed 
lower investment in breeding stock and equipment for a given amount 
of pork produced than the single-litter farms, although heavier death 
losses occurred on the two-litter farms. 

6. The size of the swine enterprise also was found to be a factor. 
The studies showed lower costs of production, especially for labor and 
overhead, on those farms which produced the larger numbers or where 



Fij:. 61. The three. interesting features of this picture are (a) a uniform lot 
of quality pigs nearing market finish which show the results of careful breed- 
ing and good feeding; (b) a good type of colony house adapted to both winter 
and summer use; and fcl a field of alfalfa to which the pigs have had access 
during the summer. 

the hog enterprise was conducted as the major activity of the farm. 
It is reasonable to suppose that the larger producers who specialize 
in pork production would, because of their interest and greater skill. 
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be more cfTicicnt in their feeding and management operations than 
those whose chief interest is centered in some other class of livestock, 
or where, due to feed or other farm conditions, large numbers are 
not justified. In other words, the larger produeers produce pork at a 
lower cost, as a rule, chiefly because of less overhead, because their 
farms arc better adapted to the enterprise, and because, as a rule, they 
are better hogmen. 


COST STUDIES BASED ON EXPERIMENTAL FEEDING DATA 

In the following pages is reported a study of costs which differs in 
its approach from those which have been made in farm management 
surveys. The feed costs are based on experimental results obtained 
with fairly well-balanced rations and under good management con- 
ditions, as reviewed in earlier chapters. They do not represent the 
actual costs for the average farm, but should be comparable to those 
obtained under the best of farm conditions. The charge for labor was 
calculated on the basis of one man devoting his entire time to the 
hog enterprise and at a wage scale considerably higher than that paid 
average farm labor. The other costs represent tractor use, veterinary 
service, interest, depreciation, and insurance on buildings and general 
equipment, and risk of loss. Building costs and depreciation were con- 
siderably greater than they are believed to be for the average farm 
equipment; No credit was taken for the manure produced. 

The plan employed in this study and the data on which the costs 
are based are shown in detail below. Three general systems of pro- 
duction are considered: (a) when the pigs are produced by gilts only; 
(b) when the pigs are produced by sows kept until 4 years old and 
producing a total of five litters; and (c) when produced by sows far- 
rowing two litters annually after maturity or a total of six litters. 


I. Feed cost of growing and finishing market pig (30 to 225 pounds); 

1. With good forage crops, 

(a) 663 pounds of concentrates (grains were figured at 21i 
cents a pound; meat scraps, iish meal, etc. at 5 cents a 
pound; oil meals at 314 cents a pound) @ 2>/j4 per pound $16.57 

(b) One-fifteenth acre good forage @ $20 per acre S 1.33 


Total feed costs 

2. Under dry-lot conditions, 

753 pounds of concentrates @ 2144 per pound 

II. Other costs of growing and finishing marfet pig (30 to 225 pounds) 

(a) Vaccination and other veterinary costs 

(b) Labor, man and tractor - 


$17.90 

$IS.82 

S 0.65 
$ 1.25 
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(c) Share of interest, depreciation, and insurance on buildings 

and general equipment $ 2.50 

(d) Risk of loss after weaning (4 percent) $ 0.60 


Total other costs 5 5.00 

Total feed and other costs of growing and finishing market pig 
(30 to 225 pounds), 

1. With good forage crops - • • $22.90 

2, In dry lot - • • $23.82 


To the above must be added the cost of the pig at weaning time. 
This will be determined mainly by the cost of maintaining the breed- 
ing berd and the number of pigs raised to tbe litter. 

A 

When Produced by Gilt. After Weaning Her Litter Gilt Is Fattened and 


Sold for Pork. 

I. Feed cost of growing the sow pig to breeding age (30 to 200 
pounds): 

(a) 566 pounds of concentrate @ per pound $14.15 

(b) One-twelfth acre of good forage @ $20 per acre $ 1.66 

II. Cost of feeding gilt from breeding to farrowing time (450 

pounds of concentrates @ per pound) $11.25 

III. Cost of feeding sow (gilt) and nursing average litter (700 

pounds of concentrates @ 2%^ per pound) $17.50 


Total feed costs $44.56 

IV. Other costs of raising gill and maintaining her until her litter is 
weaned: 

(a) Charge for original weanling sow pig (estimated) $ 8.00 

(b) Risk of loss (5 percent) $ 1.25 

(c) Vaccination and other veterinary costs $ 1.50 

(d) Interest, depreciation, and insurance on buildings and gen- 
eral equipment, etc $ 3.00 

(e) Bedding $ 0.70 

(f) Boar service $ 3.00 

(g) Labor $ 7.00 


Total other costs $24.45 

Total feed and other costs of litter at weaning lime $69.01 

V. Value of gilt for pork (300 pounds @ $12 per cwt. minus cost 

of 50-pound gain @ $10 per cwt.) $31.00 

Net cost of weaned litter by gUt $38.01 

The cost of each weaned pig w'ould therefore be as follows: 

(a) NVvth 4 pigs raised to the litter $ 9.50 

(b) With 5 pigs raised to the litter $ 7.60 

(c) With 6 pigs raised to the litter $ 6.33 
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(d) With 7 pigs raised to the litter 
(c) With 8 pigs raised to the litter 

B 

When Produced by ^laturc Sow Kept until Four Years Old and Producing 
Three Litters Every Two Years after Maturity {Total of Five Litters). 
After Weaning Her Fifth Litter She Is Fattened and Sold for Pork. 

I. Feed cost of raising the sow pig to breeding age (30 to 200 


pounds) $ 15.81 

II. Cost of feeding gilt during gestation $ 11.25 

III. Cost of feeding sow (gilt) and nursing litter $ 17.50 

IV. Cost of feeding open sow during two summers $ 14.00 

V. Costof feeding pregnant sow during three winters (1575 pounds 

of concentrates @ 2VA per pound) $ 39,37 

VI. Cost of feeding pregnant sow during one summer gestation . . $ 11.40 

VIL Cost of feeding sow and four nursing litters (3000 pounds of 

concentrates @ per pound) $ 75.00 

Total feed costs SI84.33 

VIII. Other costs of raising and maintaining sow four years: 

(a) Charge for original pig $ 8.00 

(b) Risk of loss (1% percent annually) $ 3.48 

(c) Vaccination and other veterinary costs $ 4.00 

(d) Share of interest, depreciation, insurance on buildings and 

equipment for four years $ 12.00 

(e) Five boar service fees S 15.00 

(f) Labor for four years $ 30.00 

Total feed plus other costs of five litters at weaning time .... $256.81 

IX. Value of sow for pork (450 pounds @ 10<^ per pound minus 

cost of 50-pound gain) $ 39.50 

X. Total net cost each weaned litter produced by sow raising three 

litters every two years after maturity $ 43.46 

The total cost of each weaned pig would therefore be as fol- 
lows: 

(a) With 5 pigs raised to the litter S 8.69 

(b) With 6 pigs raised to the litter S 7.24 

(c) With 7 pigs raised to the litter $ 6.21 

(d) With 8 pigs raised to the Jitter 5 

(e) With 9 pigs raised to the litter 5 *<-83 

(f) With 10 pigs raised to the litter 5 


C 

When Produced by Mature Sotv Kept until 4 Years Old and Productna 
Two Litters Each Year After Maturity {Total Six Litters). 

I. Feed cost of raising the sow pig to breeding age (30 to 200 

pounds) 5 15.81 


$ 5.43 
$ 4.75 
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(c) Share of interest, depreciation, and insurance on buildings 

and general equipment $ 2.50 

(d) Risk of loss after weaning (4 percent) $ 0.60 


Total other costs 5 

Total feed and other costs of growing and finishing market pig 
(30 to 225 pounds), 

1. With good forage crops $22.90 

2. In dry lot $23.82 


To the above must be added the cost of the pig at weaning time. 
This will be determined mainly by the cost of maintaining the breed- 
ing herd and the number of pigs raised to the litter. 

A 

When Produced by Gilt. After Weaning Her Litter Gilt Is Fattened and 
Sold for Pork. 


I. Feed cost of growing the sow pig to breeding age (30 to 200 
pounds): 

(a) 566 pounds of concentrate @ per pound $14.15 

(b) One-twelfth acre of good forage @ $20 per acre $ 1.66 

II. Cost of feeding gilt from breeding to farrowing time (450 

pounds of concentrates @ per pound) $11.25 

III. Cost of feeding sow (gUt) and nursing average Utter (700 

pounds of concentrates @ per pound) $17.50 


Total feed costs $44.56 

IV. Other costs of raising gilt and maintaining her until her litter is 
weaned: 

(a) Charge for original weanling sow pig (estimated) $ 8.00 

(b) Risk of loss (5 percent) $ 1.25 

(c) Vaccination and other veterinary costs $ 1.50 

(d) Interest, depreciation, and insurance on buildings and gen- 
eral equipment, etc $ 3.00 

(e) Bedding $ 0.70 

(f) Boar service $ 3.00 

• (g) Labor $ 7.00 


Total other costs $24.45 

Total feed and other costs of litter at weaning time $69.01 

V. Value of gilt for pork (300 pounds @ $12 per cvn. minus cost 

of 50-pound gain @ $10 per cwt.) $31.00 

Net cost of weaned litter by gilt $38.01 

The cost of each weaned pig would therefore be as follows: 

(a) With 4 pigs raised to the litter $ 9.50 

(b) With 5 pigs raised to (he litter S 7.60 

(c) With 6 pigs raised to the litter $ 6.33 
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(d) With 7 pigs raised to the litter 5 543 

(c) With 8 pigs raised to the litter 5 4 75 

B 

When Produced by Mature Sow Kept until Four Years Old and Producing 
Three Litters Every Two Years after Maturity (Total of Five Litters). 
After Weaning Her Fifth Litter She Is Fattened and Sold for Pork. 

L Feed cost of raising the sow pig to breeding age (30 to 200 


pounds) $ 15.81 

II. Cost of feeding gilt during gestation $ 11.25 

III. Cost of feeding sow (gilt) and nursing litter $ 17.50 

IV. Cost of feeding open sow during two summers $ 14.00 

V. Cost of feeding pregnant sow during three winters (1575 pounds 

of concentrates % per pound) $ 39.37 

VI. Cost of feeding pregnant sow during one summer gestation . . $ 11,40 

VII. Cost of feeding sow and four nursing Jitters (3000 pounds of 

concentrates @ per pound) $ 75.00 


Total feed costs $184.33 

VIII, Other costs of raising and maintaining sow four years: 

(a) Charge for original pig $ 8.00 

(b) Risk of loss (1% percent annually) $ 3.48 

(c) Vaccination and other veterinary costs $ 4.00 

(d) Share of interest, depreciation, insurance on buildings and 

equipment for four years $ 12.00 

(e) Five boar service fees $ 15.00 

(f) Labor for four years $ 30.00 


Total feed plus other costs of five litters at weaning time .... $256.81 

IX. Value of sow for pork (450 pounds @ per pound minus 

cost of 50-pound gain) S 39.50 

X. Total net cost each weaned litter produced by sow raising three 

litters every two years after maturity $ 43.46 

The total cost of each weaned pig would therefore be as fol- 
lows: 

(a) With 5 pigs raised to the litter S 8-69 

(b) With 6 pigs raised to the Jitter S 7.24 

(c) With 7 pigs raised to the litter S 6.21 

(d) With 8 pigs raised to the litter S 5.43 

(e) With 9 pigs raised to the litter 5 4.83 

(f) With 10 pigs raised to the litter S 4.35 


C 

When Produced by Mature Sow Kept until 4 Years Old and Producing 
Two Litters Each Year After Maturity (Total Six Litters). 

1. Feed cost of raising the sow pig to breeding age (30 to 200 

pounds) ^ 13.81 
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II. Cost of feeding gilt during gestation $ 11-25 

III. Cost of feeding sow (gilt) and nursing litter $ 17.50 

IV. Cost of feeding open yearling sow during one summer $ 7.00 

V. Cost of feeding pregnant sow two summers $ 22.80 

VI. Cost of feeding pregnant sow during three winters’ gestations $ 39.37 

VII. Cost of feeding sow and five nursing litters $ 93.75 

Total feed costs $207.48 

VIII. Other costs of raising and maintaining sow four years: 

(a) Charge for original pig $ 8.00 

(b) Risk of loss (1% percent annually) $ 3.73 

(c) Charge for vaccination and other veterinary costs $ 4.50 

(d) Interest, depreciation, and insurance on buildings and gen> 

eral equipment $ 12.00 

(e) Six boar service fees $ 18.00 

(f) Labor for four years $ 35.00 

Total feed and other costs of six weaned litters $288.71 

IX. Value of sow for pork (450 pounds @ per pound minus 

cost of 50-pound gain) $ 39.50 

X. Total net cost each weaned litter $ 41.53 

The total cost of eacli weaned pig would therefore be as fol- 
lows: 

(a) With 5 pigs raised to the litter $ 8.31 

(b) With 6 pigs raised to the litter $ 6.92 

(c) With 7 pigs raised to the litter $ 5.93 

(d) With 8 pigs raised to the litter $ 5.19 

(e) With 9 pigs raised to the litter $ 4.61 

(f) With JO pigs raised to the iiucr $ 4.15 


The cost of producing a 30-pound weanling pig in the three plans 
of breeding reviewed, based on a standard feed charge of 2 V 2 cents 
a pound for concentrates and other charges estimated on the samo 
price plane, arc as shown in Table 159. 

Table 159. Cost of Indhidual Pig at Weaning Time 


System of Number of Pigs Raised to thc'Littcr 

Management 4 5 6 7 8 9 10 


A. ^Vhcn produced by 

gills only $9.50 $7,60 $6.33 $5.43 $4.75 


D. When produced by 
sows kept until four 

ycarsold.fiNcUltcrs $8.69 $7.24 $6.21 $5.43 $4.83 $4.35 


When produced by 
sows kept until four 
years old, six litters 


$8.31 $6.92 $5.93 $5.19 $4.61 $4.15 
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Combining now the cost of the individual pig at weaning time with 
the cost of growing and fattening for market (30 to 225 pounds), the 
entire cost of the finished 225-pound pig will be as shown in Table 
160. 


Table 160. Sbouing Entire Cost of Finished 225-pound Market Pig 


System of 
Manasement 

4 

Number of Pigs Raised to the Litter 

5 6 7 g 9 

10 


$32.40 

$30.50 

$29.23 

$28.33 

$27.60 




or 

or 

or 

or 

or 



A. \Vhen produced by 

$14.40 

$13.55 

$12.99 

$12.59 

$12.29 



gilts only 

perewt. 

per ewU 

per cwt. 

per cwt. 

per cwt. 





$31.59 

$30.12 

$29.11 

$28.33 

$27.73 

$27.25 

B. When produced by 


or 

or 

or 

or 

or 

or 

sows kept until 4 


$14.04 

$13.38 

$12,93 

$12.59 

$12.32 

$12 11 

years old, five litters 


per cwt. 

per cwt. 

per cwt. 

per cwt. 

perewt. 

per cwt. 



$31.21 

$29.82 

$28.83 

$28.09 

$27.51 

$27 05 

C. When produced by 


or 

or 

or 

or 

or 

or 

sows kept until 4 


$13.87 

$13.25 

$12.81 

$12.48 

$12.22 

$12.02 

years old, six litters 


perewt. 

per cwt 

perewt. 

per cwt. 

per cwt, 

per cwt. 


These costs, in round numbers, were distributed as follows: for feed, 
76 percent; for labor, 7 percent; and for other costs, 17 percent. 

Of the total costs, 80 percent was required in growing and fattening 
the pigs from weaning to market time, and 20 percent for maintenance 
of the breeding herd and raising the pigs to weaning age. As noted 
previously, as the weight at which the pigs are marketed increases, the 
importance of the cost of maintaining the breeding herd in relation to 
the total costs decreases. 

BUDGETING THE FEED SUPPET 

If the data presented in the earlier pages of this chapter arc reas- 
sembled and the concentrates expressed in terms of corn and tankage, 
the information can be readily used as a basis for estimating the feed 
requirements for the different seasons of the year, as well as for the 
different classes of hogs. This has been done below, asmming g.lts to 
have been used exclusively for the production of the pig crop. 


I. Feed required for each market pig 

(a) Spring pig with forage: , , < u u_.i. 

Cl) From weaning to market time (30 to 225 pound,) — II.5 u, 

of corn or equivalent + 66 pounds of 60 percent tankage or 
equivalent -F Hs acre of good forage + 3 pound, v.mpic mineral 

mature. , , _ . .t.e-f - 

(2) Fed lo nursing pig »» creep = 16 pound* corn o s-' 

3Vi pounds tankage or cquivalccL 
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(3) Simple mineral mixture = 3 to 8 pounds depending on character 
of protein concentrate. 

(b) Fall pig: 

(1) From weaning to market time (30 to 225 pounds) = 12 bushels 
corn or equivalent 4* 75 pounds tankage or equivalent 4-75 
pounds legume hay. 

(2) Simple mineral mixture = 6 to 12 pounds. 

n. Feed required to raise gilt (30 to 200 pounds) =9 bushels of corn or 
equivalent 4- 50 pounds tankage or equivalent Ms acre good forage 4* 

3 to 5 pounds simple mineral mixture. 

III. Feed required by each bred gilt during winter gestation period* (200 to 
300 pounds) = 7 bushels of corn 4* 30 pounds tankage or equivalent 4- 30 
pounds legume hay 4- 5 pounds simple mineral mixture. 

IV. Feed required for each sow (gilt) during nursing period of 8 weeks = 9 
bushels of com or equivalent 4- 60 pounds tankage or equivalent 4- 30 
pounds legume hay -f 7 pounds simple mineral mixture. 

V. Feed required to grow and maintain spring boar pig one year 

(a) From weaning to breeding season = 1 1 bushels corn or equivalent 4- 
66 pounds tankage or equivalent 4- M2 acre good forage 4- 3 pounds 
simple mineral mixture. 

(b) For boar pig during winterer 8 bushels of corn or equivalent 4- 45 
pounds tankage or equivalent 4- 50 pounds legume hay 4- 5 pounds • 
simple mineral mixture. 

When summarized, the supplies of the feeds commonly fed required 
for the production of 100 225-pound market pigs, about two-thirds 
spring-farrowed and one-third fall farrowed, and assuming seven pigs 
raised to the litter, would be in round numbers as follows: 


Corn or equivalent 1400 bushels 

Oats 100 bushels 

Tankage or equivalent 2 tons 

Soybean oil meal or equivalent 2 tons 

Shorts and bran ton 

Legume hay IM tons 

Forage pasture 6 acres 

Minerals 660 pounds 


These figures arc based on the results secured under good feeding 
conditions and on the assumption that seven pigs arc raised to the 
litter. All the oats included in the budget were fed the pregnant sows, 
in an amount to make up one-fourth to one-third of the ration. The 
amount of middlings or shorts and bran fed is regarded as the mini- 
mum required for best results. All of that fed here was given the sows 
during the farrowing and nursing periods. A fairly liberal allowance 
of legume hay was included chiefly because of its protective value 
against vitamin-deficiency ailments. 



Sixty-four percent of the nation’s hog production during the 5-year 
period 1943 to 1947, averaging more than 83 million head annually, 
was slaughtered in the 277 pacldng plants operating under Federal 
inspection; 16 percent of the production was farm-slaughtered, and 
20 percent killed in wholesale and retail plants not under Federal in- 
spection.^ Of the 53 million head killed under Federal inspection, 87 
percent consisted of barrows and gilts, 12.3 percent of sows, and 0.6 
percent of boars and stags. 

MARKETING 

Marketing channels used. The various routes traveled by market 
hogs from farmers in the swine-producing areas of 14 states to slaugh- 
tering plants and other markets in 1940 are shown graphically in Fig. 
62.2 

^^^11 TerminQl Public 

HOGS Detalers 16% / 43% 



Local Coop. •*" 
Associations 5 % 


Concentration Yords 16% 


Formeri ond 
Others MX 


Fig. 62. Channels through which hogs are moved from farmers to pacLer’i 
(Corn Belt Marketing Research Committee. Sfarleting LheitocL in the Corn 
Belt Region, Bui, 365, S. Dak. Exp. Sta., 1942;. 

*Asri. Statistics. U.S.D./V.. 1948 and U^estock Market Se*i. Psc.iaat.cn j.-J 
Marketing Administration, U.S.D.A., C.S-3S, 1W9, , k k*- r 

*Com Belt Livestock MarLeting Research Coraiaiiiee, Repoei prepA/ed !>/ 

Bjorka, S. Dak. Agr. Exp. Sta., Bol. 365. 1942. 
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The relative importance o£ these channels as marketing routes is 
indicated by the percentages of the hogs using them. Of the hogs re- 
ceived by the packer, 53 percent came through the terminal markets, 
22 percent came direct from the farmer, and most of the remainder 
direct from dealers and concentration yards. Of the relatively small 
number of hogs handled by local cooperative associations, about four- 
fifths reached the packer through the terminal markets and one-fifth 
direct. Most of those sold at auction were handled by dealers who 
generally, in turn, sold directly to the packer. The type of marketing 
employed varied considerably, however, in the different areas covered 
in the study. 

Type of market related to number sold. That the type of market 
used by the farmer is influenced by the number of hogs sold is indi- 
cated by the figures in Table 161. 


Tabic 161. Relationship Between the Number of Slaughter Hogs Sold by 
Farmers in 14 States and the Type of Market Used, 1940 ^ 


^ Number Sold 

Where Sola ^ 

Less than 
10 Head 

JO to 59 
Head 

60 Head 
and Over 


% 

% 

% 

Terminal public markets 

29.0 

33.5 

40.5 

Packing plants 

21.4 

22.5 

22.1 

Dealers or truck buyers 

15.5 

15.9 

11.6 

Auctions or sale barns 

8.8 

5.2 

3.7 

Concentration yards or local markets 

12.2 

14.0 

15.9 

Local cooperative associations 

6.0 

7.2 

5.7 

Farmers or others 

7.1 

1.7 

0.5 


These figures show that farmers when selling small lots are more 
likely to patronize local markets, such as auctions, local dealers, and 
other farmers than those located at more distant points. Shipments of 
large volume, on the other hand, are more generally sent to the termi- 
nal markets or concentration points. 

The number of hogs sold per farm in this area averaged 45 head, 
and the average size of the lots numbered 14. Thus each farm made 
more than three sales during the year. One-fourth of the farmers had 
shipments numbering five head or less, but these represented only 6 
percent of the total number of hogs sold. One-eighth of the farmers 
disposed of their hogs in lots of 26 or more, which comprised one- 
third of the total number marketed. More than 50 percent of the hogs 

*Com Belt LiNC&tock Marketing Research Commiuce. Report prepared by Knute 
Bjorka, S. Dak. Agr. Exp. Sta. Bui. 365. 1942. 
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sold in Indiana and more than 40 percent of those in Iowa were dis- 
posed of in lots exceeding 26. In Michigan, only 10 percent were sold 
in lots of this size. 

Transportation by truck and rail. The Corn Belt Livestock Market- 
ing Research Committee^ reports that it is impossible to say what 
percentage of the hogs is moved from farm to slaughterer by truck as 
compared with rail. Some move only by truck, others only by rail, and 
most both by rail and truck. The distance may be short or long, and 
the number large or small. They may move from farm direct to packer 
by truck; from farm to railroad shipping point, concentration yard, 
cooperative or dealer’s assembly point by truck, and thence to final 
destination either by truck or rail. In some, the movement is con- 
tinuous, in others it is broken one or more times. Often a break in the 
movement involves a change in ownership as well as in the type of 
transportation. Increased mileage of hard-surfaced roads, and larger 
and better designed trucks have resulted in increasing reliance on the 
truck as a means of transportation in recent years. 

The types of transportation used in the various steps involved in 
marketing hogs are shown in Table 162. 


Tabic 162. Percentage of Hogs Transported by Truck and Rail, 1940 ' 


Origin and Destination of Shipments 

Truck 

Rail 


% 

% 

From farm direct to packer 

87.3 

12.7 

From farm to auctions 

95.6 

4.4 

From farm to dealers, local coops., con- 
centration yards, or retail slaughterers 

100.0 

0.0 

From dealer to packer 

73.4 

26.6 

From coop, assembly point to packer 

47.4 

52.6 

From concentration point to packer 

21.2 

78.8 

From auction to packer 

84.8 

15.2 


Of the hogs received at the 60 or more public or terminal markets 
of the country since 1933, 66 percent was delivered by truck (drive- 
ins) and 34 percent by rail (unweighted averages).” In 1948 truck 
deliveries represented 73.9 percent of the total. At the numerous, rela- 
tively small interior markets of the Com Belt, truck deliveries consti- 
tute a larger proportion than at the larger markets or at those situated 

*Repoa prepared by Knutc Djorka, S. Dak. Agr. Exp. Sta. Bui. 365. 1942. 

‘Corn Bell Lhcstock Marketing Research Commillce, Report prepared by Knutc 
Djorka, S. Dak. Agr. Exp. Sta. But. 365, 1942. 

*Lhesiock Market Nen-s, 1947 and 1948, Prod- and Mark. Adm., U.S.D.A- 




Fig. 64. Double-deckers on the way to market. Modern trucks and pavod 
highways combine to furnish quick, convenient, and efficient transportation 
(couttesyt Exp. Sta., photo by Alleit). 

in distant consuming areas. At a number of these, practically 100 
percent of the hogs during the past decade has come in by truck. 

Transportation costs. The largest part of the marketing costs is rep- 
resented by transportation charges. Carrier rates vary, of course, with 
the distance and size of the shipment. In Table 163 are given the 
freight rates on shipments of both live hogs and meat products bc- 
, tween strategic markets of the country for the >car 1950. 

Studies by Lambrccht and Garcy of the Nebraska Station ^ of r.iil 
and truck shipments of Jive hogs to the Omaha market from 1930 to 
1935 showed the truck rates to be 24 percent higher than the rates 
for rail shipments for comparable distances from 50 to 400 miles. 
Compared with rates during this depression period, present of 
transportation represent an increase of about 100 percent. 

Rates for both truck and rail service have inereawd cun^iderahh 
in recent years, but truck rates remain somewhat hieker than rjO raro. 
especially- for the longer distances. Rail shipii;ent>. hu..w%w-r. 
trucking service from farm to rail loading pomt. \\h,*n t.h.» e 

is added to the cost by rail, the total iran-jporiaU n t.bjr.-.-s b,. tr a 
methods do not dilfer greatly. CoiiipcUt-va aI>o i:~i. be aijcwUxt 
have an equalizing elfecl. 

a L ^ ttj. w . 


. 'Gcvvli. 
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Table 163. Freight Rates on Live Hogs and Meat Products, 1950, In 
Dollars per Hundredweight 


From 

To 

Live Hogs ^ 
Single Double 
Deck Deck 

Cured 

Meat 

and 

Packing 
Fresh House 
Meat Products 

r Authority 


New York 

1,06 

0.91 

J.43 

0.97 

U.S.D.A., Produc- 

Omaha 

New York 


1.45 

2.05 

1.4 '5 / 

tion and Marketing 

Chicago 

San Francisco 

2.22 

1.95 

2.88 

•2.40 

Administration, 

Omaha 

San Francisco 

1.83 

1.60 

2.42 

2.02 

Chas. B. Bowling, 

Kansas City 

San. Francisco 

1.83 

1.60 

2.52 

2.11 

Chief Transp. 

Rates 

Omaha 

Chicago 

0.75 

0.65 

0.65 

0.65 

Chicago, Rock 

E. St. Louis 

Chicago 

0.56 

0.47 

0.51 

0.42 

Island and Pacific 

S. St. Paul 

Chicago 

0.71 

0.61 

0.52 

0.47 

R.R. Co., W. J. 

Omaha 

Los Angeles 

1.77 

1.53 

2.42 

2.02 

Stem, Chief of 

Omaha 

San Francisco 

1.83 

1.60 

2.42 

2.02 

Traffic Bu. 

Chicago 

Baltimore 

1.00 

•0.87 

1.38 


Chicago, Burling- 

Chicago 

Boston 

1.06 

0.91 

1.43 


ton and Quincy 

Indianapolis 

Boston 

0.97 

0.86 

1.33 


R.R. Co.. G. A. 

Indianapolis 

Chicago 

0.29 

0.25 

0.34 


Hoffelder, Frt. 

Cincinnati 

Baltimore 

0.87 

0.75 

1.28 


Traffic Mgr. 


Marketing costs. Bjorka of the Bureau of Agricultural Economics ® 
estimated the average cost of marketing hogs in 1939, not including 
transportation costs, to be as follows for the different types of market: 


Dealers 15^ per cwt. 

Local cooperative associations 15^ per cwt. 

Concentration yards per cwt. 

Auctions 22 <^ per cwt. 

Public markets 24{5 per cwt. 

Direct to packer 00 ^ per cwt. 

Adjusted average 19<J per cwt. 


Terminal market charges. For handling and selling hogs on the 
Chicago terminal market, the charges for the year 1950 were as fol- 
lows: ® 

Yardage: 

By rail 
By truck 

"Knutc Bjorka, U.S.D.A., Tech. Bui. 932, 1947. 

* Information, courtesy D. L. Swanson, blanagcr, Chicago Producers’ Commission 
Association, Nov., 1950. 


25d per head 
29d per head 



MARKETING 


471 


Feed (corn, $2.20 per bushel) 12<f per head 

Commission: 

First 10 head 37 ^ pei. head 

Next 15 head 32^^ per head 

Each head over 25 per head 


Fire insurance, one-fifth cent each head with maxi- 
mum charge of per owner fn any trueJe load 0.2r per head 
Meat Board, one-third cent each (for promotion 
and advertising by National Live Stock and Meat 
Board) 0.33c^ per head 

Approximate total per head 

Assuming an average market weight of 240 pounds, the cost ap- 
proximates 3 1 cents per hundredweight. Charges at the different ter- 
minal markets are fairly uniform. 

Shrink and other losses in transit. What amounts to a marketing 
charge is represented by shrinkage or loss of weight in transit, death 
and cripple losses, as well as losses due to shipping bruised and dam- 
aged meat. Although these losses are not all assumed directly, or are 
apparent to the farmer when he sells, the price he receives at any of 
the marketing points is less by the amount of these losses, or the risk 
of them, assumed by the buyer. 

Loss of weight in transit is due to tissue and excretory shrinkage. 
Excretory shrinkage represents the loss of weight due to the normal 
elimination of excreta, and presumably does not mean any loss of 
carcass weight. Tissue shrinkage, on the other hand, involves a loss in 
the weight of the meat or carcass. Just how much of this latter is water 
and subject to recovery later after resting, feeding, and watering is 
not known. 

The amount of shrinkage is influenced by the time in transit or dis- 
tance traveled, the weight of the hogs, the season of the year, and 
the amount of fill taken before final weighing. Attention gi\en to 
matters of feeding, loading, care, and handling in route abo i', re- 
sponsible for much of the variations in shrink observed in iiniilar 
shipments. Shrinkage increases as the distance tra\eled or time be- 
tween weights increases, but the rate of loss decreases as the lirne or 
distance increases. Light hogs shrink more in proportion to h^e wcu’hi 
than heavy hogs under like conditions and for comparable di^tunee*, 
although they recover the loss more promptly than do the heavy hoev. 
Wiley’s data for rail shipments, however, showed less shrinka-’e ',<t 
hundredweight for light than for heavy hogs. Shipmeiu* 1:1 
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shrink slightly less than summer shipments. Tissue and excretory 
shrinkage each is affected in the same manner by these factors.^" 
“Fill.” The amount of fill taken on at destination point prior to 
weighing is one of the important factors affecting excretory shrinkage. 
Armour’s Livestock Bureau reported from data based on the 
weights of more than 750,000 hogs in 1927 and 1928 that this fill 
amounted to an average of 5.5 pounds, or 2.5 percent of the live 
weight. But excessive fill, beyond that which is dictated by humani- 
tarian motives, although adding to the selling weight, contributes 
nothing to the carcass value, reduces the dressing yield, and lowers the 
selling price. The packer buyer, equipped as he is with experience and 
the data on the yield of previous purchases, may be expected to make 
due allowance for the extra weight in the price he bids. The prac- 
tice is an economic waste and on the whole does not profit the pro- 
ducer. 

The practice of feeding and watering before weighing to the buyer 
differs at the different markets, as shown by the studies of the Com 
Belt Livestock Marketing Research Committee which are summarized 
in Table 164. 


Tabic 164. Extent to WliicU Hogs »crc Fed and Watered at Different 
Types of Markets, 1940 4- 



No Feed 
or Water 

Water 

Only 

Both Feed 
and Water 


% 

% 


Auctions 

28.8 

46.6 


Concentration yards 

82.4 

10.5 


Direct to packer 

92.2 

7.2 


Local coop, associations 

92,7 

6.9 



For hogs sold at the public or terminal markets, the practice of 
feeding and watering before weighing has been the common one. In 
recent years, liowevcr, an increasing proportion of these deliveries 
have been offered for sale without filling, cspeeially in the ease of 
those coming in by truck.*’ 

**)Cnutc Djorla. U.S.DuV., Tech. Bui. 621, 1938; James R. Wiley, Ind. Agr. Exp. 

Bui. 337. 1930 and Bui. 358, 1932. 

Monthly Letter to Animal llusbanJmert, Aug., 1929. 

’*Com Bell Livestock Markcilng Research Commiiice. Report prepared by Knute 
Biorka. S. Dak- Agr, Exp. Sla.. DuL 365, 1942. 

“Austin A. Dowell and Knuic BJorka, Liieilock ,\farkctins:, .McGrawdliil Book 
Company. Inc.. New Votk, 1941. 
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Amount of shrinkage loss. Wiley of the Indiana Station ' * reported 
an average shrinkage of 2.13 percent of the live weight for rail ship- 
ments consigned by the Indianapolis Producers’ Commission Asso- 
ciation from 1925 to 1929, initial weights being taken at the r.nl lo.id- 
ing points. Any loss of weight between farm and loading point was 
not determined. Bjorka of the Bureau of Agricultural Economies ■ 
computed the shrinkage of hogs weighing from 200 to 320 pourt.ls 
and in transit 7 to 12 hours from data supplied by 49 packing pl.iriis 
for rail shipments received by them from 365 conccntralion points 
and 34 public markets. Shipments from the concentration points hae! 
a shrink of 4.82 percent; those from the public markets shrank 3 89 
percent. Apparently, these hogs had not been fed and watered before 
weighing at destination. 

Truck and rail shrinkage compared. Asliby of the Illinois St.iiiuii ' • 
compared the shrinkage of truck and rail shipments for hogs coming 
from the same farms and loaded out at practically the same tune Ihiih 
the short truck and longer rail shipments were giten their regular feed 
before weighing out at the farm. However, tiie trucked iiogs were luic 
fed or watered at the market, as is customary for sliort hauls to iiiicrior 
markets, whereas the rail consignments were fed and watered .it llie 
market, which is the common practice at the public or lermm.d 
markets. The results are sliown in Table 165, 

Tabic 165. SliriMl.ai;c on Trod, anil lUil lives Iruni Uic .Viu« lannu 
(Truck hour ml fed cr nuKri-d at the m-ricl. r-U l.d -I 
itdlcrrj cl the imfkiti 
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fed and watered at the same time in the same alley, and were sold and 
weighed at the same time. The test is unique since all conditions were 
comparable. 

Tabic 166. Shrinkage of Truck and Rail Hogs Handled under the 
Same Conditions 


Trans- 

porta- 

tion 

Average 

Dis- 

tance 

Number 

of 

Consign- 

ments 

Number 

of 

Hogs 

Average 
Farm 
Weight 
of Hogs 

Average 

Shrink 

per 

Hog 

Weighted 

Average 

Shrink 


miles 



lb. 

lb. 

lb. per cwt. 

Truck 

130 

5 

65 

250 

3.00 

1.20 

Rail 

130 

5 

286 

261 

3.30 

1.24 


The results show no significant difference in shrinkage between 
these truck and rail shipments handled under like conditions. 

Because of the effect of other factors, it is difficult to compare rail 
with truck shrinkage. The data available indicate, however, that when 
handled under comparable conditions, the difference is not significant, 
although there is a suggestion in the data that trucked hogs lose more 
on long hauls. Considering the improvements which have been made 
in truck design in recent years and the increased mileage of hard- 
surfaced roads, there are those who doubt if this advantage in rail 
transportation can now be admitted. With this, however, it should be 
stated that stock cars and loading facilities have been much improved 
during the same period by the railroads. 

Feeding prior fo loading. Robison of the Ohio Station compared 
the effect of feeding at the farm the morning before loading out with 
that of withliofding the morning feed for hogs trucked f to 2 miles and 
then transported by rail a distance of 135 miles. At the market they 
were fed and watered before the final selling weights were taken. There 
were 138 hogs in each group with average weights of about 220 
pounds. 

The hogs which were not given their morning feed shrank less in 
transit and took a heavier fill at the market than those that were fed; 
but fhis advantage was more than offset by Ibc loss of weight sulfercd 
by the hogs that were fasted before weighing out. Based on the weights 
taken the afternoon of the day before weighing out, those given their 
morning feed lost 4.6 pounds per head, while those not fed lost 6.4 
pounds. 

*• W. b. Robison. Bui. 497. 19 J2. 





M \RKETING 


475 


In further tests Ashby shovveJ that hogs, given a normal or full feed 
at the' farm before loading out by truck, shrank less than those trucked 
like distances (0 to 55 miles) which received a limited feed at the 
farm by the difference between 1.50 and 1.72 percent. The.se hogs 
were not fed or watered at the market. For hogs trucked like distances 
that were given feed and water before weighing at the market, theic 
was no difference in shrink due to the feeding treatment at the farm 
It would appear from these two tests that most of the farm fill may 
be retained for short distances when the hogs are handled carefullv. 
The author, however, cautioned against interpreting the results us a 
general recommendation for full-feeding at the farm for all truck or 
rail shipments. Especially in hot weather, heavy feeding just prior lo 
loading is bad practice. 
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Data assembled by the National Livestock Loss Prevention Board 
of death and cripple losses occurring in rail and truck shipments to 
the five river markets, Kansas City, St. Joseph, Omaha, Sioux City, 
and St. Paul in recent years are shown in Table 167. 


Table 167. Death and Cripple Tosses of Hogs Arriving by Bail and Truck 
at the Five River Markets, 1936 to 1949 -‘i 


Year 

Number Dead per 1000 

Number Crippled per 1000 

Rail 

Truck 

Rail 

Truck 

1936 

0.74 

0.95 

1.61 

1.38 

1940 

0.43 

1.01 

2.41 

2.22 

1944 

0.67 

1.56 

1.60 

1.82 

1948 

0.98 

1.82 

1.03 

3.16 

1949 

0.67 

1.72 

2.66 

3.44 


Death losses by truck in this study were twice as great as those by 
rail. The number of cripples by truck was one and one-third times the 
number by rail. These figures, based on the marketing annually of 
1,892,000 hogs by rail and 7,451,000 by truck, supply no evidence 
that death and cripple losses have been reduced in recent years; they 
indicate rather an increase. 

Considering the death and cripple losses shown by the National 
Livestock Loss Prevention Board data, it is calculated, assuming a loss 
of 40 dollars for the dead and 10 dollars for the crippled (hogs sell- 
ing at $12.75 per hundred weight), that together they represent a loss 
of 7.4 cents a head for all market hogs (5.1 cents for the dead, and 
2.3 cents for the cripples). 

Bruises are costly. The economic loss which results from bruising 
is greater than the combined death and cripple losses. Bruising results 
in damaged meat, the loss being determined by the weight of the 
bruised trim and the reduced value of the cut. 

Based on weekly tests made by Wilson and Company of Chicago 
of lots of good to choice butcher hogs selected at random from rail 
and truck deliveries from March 1946 to January 1950, 34 percent 
were found to be bruised more or less.=‘ Observation of the carcasses 
following slaughter revealed the following proportion of the wholesale 
cuts to have been damaged: 19 percent of the hams; 10 percent of the 
fat backs; 0.2 percent of the loins; 4.6 percent of the bellies; and 5 


*• National Livestock Loss Prevention Board, An. Rpl., 1949, IL R. Smith, Gen. 
Mgr. 

^ Kepofted by the National Litcstock Loss Prevention Board, An. Rpt., 1950. 
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percent of the shoulders. Of the hogs bruised, the loss per head 
amounted-to an average of 39.8 cents. Applied to the entire number 

slaughtered, it represented an average loss of 13.5 cents per head 

6.2 cents for trim and 7.3 cents loss due to degrading. The average 
loss on the rail shipments was 14.3 cents per head, and on truck 
deliveries 12.9 cents; for comparable distances, however, the loss on 
the trucked hogs was slightly greater than on those shipped by rail. 

These investigators judged that 62 percent of the bruises were man- 
inflicted, and 38 percent the result of accidents. Forty-two percent ap- 
parently were caused by cane, whip, or club; 20 percent by kicking 
or prodding; 15 percent by crowding and/or trampling; 12 percent 
by fork, nail, or other puncture; 1.7 percent by “spreaders” (slippery 
footing); and 9.3 percent by other causes. 

Estimated total loss from death, cripples, and bruises. Combining 
the losses due to death, crippling, and bruises, we have the following 
♦ estimates for all hogs marketed: 

From death 5.1 cents per head 

From crippling 2.3 cents per head 

From bruises 13.5 cents per head 

From all three 20.9 cents per head 

or approximately 9 cents pec hundredweight. Farmers generally do 
not realize the magnitude of these losses. 

Precautions which reduce losses. To reduce to a minimum losses 
due to shrinkage, death, crippling, and bruises, the following recom- 
mendations with respect to feeding and handling should be observed: 

For hogs trucked short distances to market where they are sold 
without feeding or watering, normal feeding at the farm before loading 
out would seem to be advisable, especially when the weather is cool 
and they are handled and driven carefully. 

For distances greater than about 75 miles, however, especially 
when the stops en route are numerous, the weather hot, or if they arc 
not handled carefully, a limited feed at the farm before loading will 
reduce the danger of losses w’ilhout sacrificing u significant amount of 
weight. 

Trucked hogs cn route 6 or 8 hours to public or terminal nurketi 
where they are sold after feeding and watering uioaJly will t-ike 
better fill at destination if they are not loaded full of feed at the fa::::, 
and risk from other logics will be reduced. 

For rail shipments the same rule^ in general should be obvened a* 
for the longer truck hauU. Shipmeau by rail are re.^uired b> U**, 
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humanitarian reasons, to be unloaded, fed, and watered at the end 
of each 28-hour period while in transit, but the time can be extended 
to 36 hours on the request of the shipper or owner. 

Overloading is one of the most common causes of loss in hot 
weather.-' Studies show losses to increase when loading a 36-foot car 
heavier than 18,000 pounds in cold or cool weather, or 17,000 pounds 
in warm or hot weather (or for a 40-foot car, more than 20,000 
pounds in cold or cool weather or 19,000 pounds in warm or hot 
weather) . Underloading also should be avoided. 

For trucked hogs the National Livestock Loss Prevention Board 
makes the recommendations with respect to loadings as given in 
Table 168. 


Tabic 168. Number of Hogs per Truck 


Length 

100 

150 

V/eiglit of Hogs 
200 

250 

300 


Ib. 

lb. 

lb. 

Ib. 

Ib. 

13-ft. truck 

43 

33 

26 . 

23 

20 

16-ft. truck 

58 

44 

35 

30 

26 

20>ft. truck 

70 

54 

42 

36 

32 

24-ft. truck 

86 

65 

52 

45 

39 


The following rules or suggestions, arrived at after long study and 
observation, have been promulgated by the National Livestock Loss 
Prevention Board as a part of its campaign of education to help reduce 
the costly waste in marketing hogs; 

1. Remove projecting nails, splinters, and broken boards in feed 
racks and fences. 

2. Keep feed lots free from old machinery and objects that may 
bruise. 

3. Do not feed grain heavily just prior to loading. 

4. Bed with sand, free from stones, to prevent slipping. 

5. Cover sand with straw in cold weather, but no straw in hot 

weather. i 

6. Wet sand bedding in summer before loading and while en route. 
Drench when necessary. 

7. Remove protruding nails, bolts, or any sharp objects in truck- 
or car. 

8. Use loading chutes, not too steep. 
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9 . Load slowly to prevent crowding against sharp comers, and to 
avoid excitement. 

10. Use canvas slappers instead of clubs or canes. 

1 1. Do not overload. 

12. Always partition mixed loads. 

13. Partition packing sows from light weight butchers. 

14. Bull board should be in position and secure before car door is 
closed. 

15. Provide covers for trucks to protect from sun in summer and 
cold in winter. 

16. Drive carefully. Slow down on sharp turns and avoid sudden 
stops. 

17. Back truck slowly and squarely against unloading dock. 

18. Unload slowly. Don’t drop animals from upper to lower deck; 
use cleated inclines. 

Mitchell of the Indiana Station -* emphasizes, in addition to these, 
the importance of doing any necessary sorting of the hogs the day be- 
fore they are loaded out, and secondly, of getting the hogs to distant 
markets early enough to allow a rest of several hours before feeding. 

CHOOSING A MARKET 

A variety of markets available. In no country is there such a wide 
variety of markets and marketing agencies available to the farmer for 
the disposal of his hogs as is found in this country (see Table 1 61). 

He may sell directly to a local buyer, an interior packer, or at a 
cooperatively or packer-owned concentration yard at a price agreed 
on before delivery; or he may ship to a terminal market or consign to 
a shipping association and take whatever price they command at the 
destination. 

This variety of market outlets and methods of selling may be con- 
sidered an advantage by'the farmer since it provides an opportunity 
to choose between competitive markets. At the same time, however, 
an intelligent choice is often difficult because of the complication of 
numbers and a lack of information on transportation and marketing 
costs, as well as of supplies and prices at the larger markets. 

There is no one best market or system of marketing hogs. There 
may, however, be one system better adapted than any other to a given 
area. The wide distribution of the supplies, the variation in the sire 
of lots sold, and the varied distances to consuming centers impose con- 

’• M. Paul .Milchell. Economic onj Morlclms InJormoiujr,. A-j.. IStO. 
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ditions which have largely been responsible for the wide vaqety now 
in use. 

Direct marketing. A subject which caused rather heated controversy 
among farmers and the various marketing agencies following World 
Wat I was that of direct marketing. In this system the hogs pass from 
the farmer to the packer without the employment of a commission or 
selling agent located at the terminal markets. Such sales usually are 
made direct to a local packer or to the agent or buyer of a Mid-west 
or Eastern packer at a packer-owned yard or concentration point 
located in the producing area. A rather marked increase in direct 
buying by packers occurred during the period from 1920 to 1930; 
since then it has been less rapid. The number of hogs bought direct 
by packers in 1940 represented 53 percent of their entire pur- 
chases.-® Shepherd of the Iowa Station “ reported that in 1937 two- 
thirds of the hogs sold in Canada were marketed direct. 

Conditions which have favored direct buying. Students of livestock- 
marketing problems explain this method of buying on the part of the 
large packers as being the result of economic changes affecting the 
industry; principally, to the growing strength of the small interior 
packers situated in close proximity to the supply, and to the generally 
lower freight rates on hog products than on live hogs from points west 
of the Mississippi River to points east. These have given to the interior 
packers competitive advantages which have threatened the position 
of the large packers located at the terminal markets. In order to secure 
the volume of supplies necessary to keep their plants profftably em- 
ployed and to hold their trade, especially during periods of acute 
shortage in hog numbers, the public-market packers found it in their 
interests to go to the country for direct purchases. Railroad concen- 
tration privileges with respect to freight rates also have facilitated this 
change.-' 

Have the farmers’ interests been adversely affected by direct mar- 
keting? Opponents of direct marketing claim that the increased num- 
ber of local markets in the producing areas and the resulting reduc- 
tion in the proportion of the hogs sold on the open large terminal 
markets, a development which has been coincident with direct mar- 

“Com Belt Livestock Marketing Research Com., Report prepared by Knutc Bjorka. 
S. Dak. Agr. Exp. Sta., Bui, 365, 1942. 

r*Gcoftrcy Shepherd, Bui. 353, 1937, 

** Concentration privileges west of the Mississippi permit changes in the make-up 
and ownership of hogs at points between ori^n and destination, and a through rate 
from original loading point. 
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keting, has tended to depress the general level of hog prices. They 
believe that the pre-ownership of a third or more of the arrivals gives 
to the packer an unfair bargaining power in the purchase of hogs on 
the open market; and that hogs bought directly generally are of a 
better grade and contain fewer culls than are represented in the sup- 
plies available at the terminal market, thus creating the opportunity 
to lower the price bid on the better grades at the interior buying 
points. Considerable evidence or testimony in support of these claims 
has been furnished by the extensive studies of Ashby of the Illinois 
Station.-® 

In 1933 the U.S. Department of Agriculture, in response to requests 
from those opposed to the practice, inaugurated an intensive study of 
direct marketing. This was undertaken by the Bureau of Agricultural 
Economics with the cooperation of State Experiment Station workers, 
the results being published in 1935 under the title The Direct Market- 
ing of Hogs.^^ The conclusions based on the results of this exhaustive 
study are briefly summarized below. 

1. Although hogs that are sold directly may pass through several 
hands before reaching the packer, the investigators found that the total 
handling and selling costs were less than when sold through commis- 
sion agents at the public market, and the net return to the producer 
somewhat greater. 

2. The study supplied no important evidence that direct marketing 
had exerted a depressing effect on the price of hogs. The decline in 
hog prices following 1926 was due to other causes, namely, to the 
markedly reduced buying power of the consumer and the restricted 
foreign demand for our pork products. 

3. There did not appear to be any evidence that direct buying had 
restricted competition among packers or that it enabled them to e.xact 
a wider margin for their services. Changes in the spread between the 
farm price of hogs and the price of wholesale pork were found to be 
caused rather by higher wages and rents, higher freight rates, and 
more expensive packaging. 

4. They found no justification for the claim that other markets follow 
Chicago, or that Chicago sets the prices for other markets, although, 
because of its size and its geographical position, it may be expect, d 
to hax'C more influence on intermarfcct prices than any other niar^ct- 

"R. C. Ashby. Dal. 40S. faejl Utettork in hVta-a la Can Isa It- 1 

MarktlinS, 19.X4. 

••UAD.A. .\lisc. Pub. .So, 19J?. 





Fig. 66. A small part of the nation’s pork supply on its way to the consumer 
(photo by Allen). 

Price changes from day to day were less frequent on interior than on 
public markets; and prices paid at interior packing plants in southern 
Minnesota and Iowa were found to move together from day to day 
more closely than either with Chicago or Sioux City. 

5. The data presented showed that there were some but no signifi- 
cant differences between the quality and grade of hogs purchased by 
packers directly and those bought at the terminal market from com- 
mission agents representing the producers. Nearly 200,000 hogs repre- 
senting packer purchases by the two methods were classified by quali- 
fied graders as follows: 

The percentage distribution of the grades of hogs consigned for 
sale was as follows: 


Percent 

Choice 19.3 

Good 41.7 

Medium 33.8 

Cull 5.2 

For hogs bought directly the distribution was: 

Percent 

Choice 15.5 

Good 40.9 

Medium 3^*9 

Cull 3.7 
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Although there was a smaller proportion of culls among the hogs 
bought directly, there were, on the other hand, fewer hogs of the 
choice and good grades. It was concluded that the distribution sup- 
plied no evidence that the packer would be able to buy the better 
grades at interior points at the prices paid for lower grades on the 
terminal or public market. 

Recommendations for improving market services. The studies of 
direct marketing, which have just been reviewed, disclosed that cer- 
tain of the market practices were in need of correction or improve- 
ment. It was recommended that the use of the “board” price with a 
variable “add” ““ at direct-buying points be replaced by one that 
makes known the range of prices being offered and paid for the dif- 
ferent grades; that the practice of “filling” hogs before selling be 
discontinued; that sows and stags be bought on their merits without 
docking; that provision be made for ofBcial supervision of scales at 
interior points; that uniform grade standards be used at all markets; 
and that the Federal Market News Service be extended to include all 
direct-marketing areas.“‘ 

There probably is no system of marketing altogether free from 
abuses or the opportunity for sharp practices. To the farmer, the best 
system is the one which will ensure him honest weights and a fair 
price, considering the quality of his offering, the demand, and the 
price differentials at other markets.®^ There are those still who main- 
tain that the farmers’ best interests are served, especially when large 
lots are sold, by consigning to a commission agent in whom experience 
has given him confidence rather than by selling direct to the packer. 
The experience of the agent in the matter of sorting mixed lots, in the 
supervision of their care and feeding on arrival at the yards, and in 
bargaining with packer and order buyers which must precede their 

®'^The “board” or “card” prices are the announced base or minimum prices which 
will be paid for hogs of specified weights and grades and arc used by operators of 
concentration yards and packers who buy directly in southern hfinnesota and lowx 
The “add” represents the amount above the board price which is paid. The amount of 
the “add,” which is not published, is determined chiclly by the shrink or diNtancc 
hauled, the quality of the hogs, and competition. It may vary from 10 to 55 cents per 
hundrcdw’eight. 

« U.S.D.A. Misc. Pub. No. 222, 1935. 

"Practically all the important markets in the country now arc ‘po>tcd. J o>tcd 
markets include all those under Federal supervision, as established by »hc Lnc bio^k 
Marketing Act of 1921 as amended <Infoimaxion by Sf. Paul .Mitchell. InJ. Eip. Sta.. 

1950). To qualify for supervision a market must (a) have ZO.OOO square feet of pea 
area, (b) be operated for profit and in the public interest, and (c) cn^a^cd in inter- 
state commerce. Supervision is concerned with the eluninatioa of unfair prw- 

ticcs, bonding of market agencies, the supervision of scales a.nJ rnct.-xJ cX 
and with investigating and handling aU complaints of bu>cr or sex.er. 
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sale, represent, to many, services which exceed in value the cost of 
the commission fee. Also, the large number of buyers at the terminal 
markets will ensure a wide demand outlet. 

The individual farmer, although he has access to daily radio broad- 
casts, generally is not equipped with the market information which is 
necessary to judge current prices accurately or to relate them to the 
grade of hogs he has for sale. Also, largely because of the limited 
number of hogs produced, he is not in a position to keep in touch 
with or to take advantage of distant market outlets. Dowell and Bjorka 
in their book. Marketing Livestock,^ express the belief that the serv- 
ices supplied by expertly manned large local or district cooperative 
associations, which emphasize the marketing rather than the shipping 
function, offer one of the most promising means for the solution of 
the individual farmer’s marketing problems. 

MARKET CLASSES AND GRADES 

The daily run of hogs at any large market, especially in midsummer, 
is made up of individuals of varying ages, weights, quality, finish, and 
sex. In handling such a mixture, some system of classification and 
grading is obviously necessary in order to facilitate trade, for the 
accurate reporting of market prices, and for an understanding of gen- 
eral market conditions. It is of fundamental importance to the industry 
that the trade terms used be standardized and that the farmer, packer, 
and trader have a common understanding of their application and use; 
otherwise confusion results. Unfortunately, it cannot be said that uni- 
formity of classification exists, although some progress in that direc- 
tion has been brought about through the wider adoption of the Agri- 
cultural Marketing Service of the U.S. Department of Agriculture.^* 

Market hogs are classified according to their use, their kind, and 
their weight; and these are graded respectively, according to their 
quality or value. Depending on the use to which they are put, they are 

“Austin A. Dowell, anti Knulc Bjorka. McGraw-Hill Book Company, Inc., New 
York, 1941. 

“The Federal Market News Service of the U,S. Department of Agriculture for live- 
stock was inaugurated in 1918. Its purpose is to collect and distribute regularly and 
promptly accurate and complete marketing information concerning livestock supplies, 
demand, and prices in all inarkcling areas of the country. The reports are made daily 
at the larger markets, with summaries covering all areas issued weekly, monthly and 
annually. Tlic information is iransmiltcd by leased wires, the four national press serv- 
ices, 1100 radio stations, free mail reports, and newspapers. Also a weekly report is 
issu*cd on Saturday from the Dcs Moines oOicc covering the supply, demand, and trend 
of prices for hogs sold direct at approximately 30 concentration yards and 1 1 packing 
plants in Iowa and southern Minnesota (The Market Sews Ser\ices. Reprint Misc. 
Pub. No. 703, and Periodic Market Reports, Production and Marketing Adm., 
U.S.D-A.! 1950). 



marketing 


485 

grouped into the two major divisions. Slaughter hogs and Feeders. 
Slaughter hogs include the following classes; Butcher hogs (barrows 
and gilts). Packing sows, Stags and Boars, and Pigs. Feeders include 
Pigs weighing from 80 to 120 pounds, and Hogs weighing from 120 
up to 180 pounds. 

Butcher hogs. Representing as they do about 87 percent of the 
total number of hogs marketed annually, butcher hogs constitute the 
major part of our country’s pork supply. Being composed wholly of 
young barrows and gilts, most of which are from 5 to 8 months of age, 
the class also produces the weight and quality of cuts in greatest de- 
mand by the consumer. 

Butcher hogs may weigh from 140 to 350 pounds or more. Because 
of the importance of weight as a factor affecting the price, they are 
grouped into weight subclasses. On most markets and in the schedule 
used by the Federal Market News Service these subclasses are made 
with 20-pound intervals up to 240 pounds, and thereafter with inter- 
vals of 30 or 40 pounds. Other designations formerly common in the 
trade and still used to a limited extent for heavy hogs of this class arc 
“prime heavies,” “heavy loin hogs,” and “fat backs.” These refer to 
very fat smooth heavy butcher hogs of quality weighing 300 pounds 
and up. The use of these terms is being discouraged. 

Packing sows. This class is composed of sows which have done 
service in the breeding herd. They are of an age generally from 2 to 4 
years, and are found on the market in largest numbers in the late sum- 
mer and early fall. They constitute on the average around 12 percent 
of the total number of hogs marketed annually. In weight they range 
usually from 275 to 600 pounds. Pregnant or “piggy” sows are usually 
sold subject to a dock of 20 to 40 pounds. Hogs of this class produce 
meat of coarse quality and the cuts are generally loo heavy and often 
too fat for the production of fresh or cured meats of standard quality. 

Stags and boars. Stags and boars constitute less than 1 percent of 
all slaughter hogs. Stags are castrated boars and formerly Mere sold 
with a dockage of 80 pounds. Now, they sell without docking at all 
plants operating under Federal supervision. Boars are sold without 
docking. The meat, especially of old boars, is coarse in quality and 
very strong in flavor. Boar carcasses arc not allowed in the same cooler 
W'ith the other carcasses in plants having Federal inspection. Car- 
casses of young boars are largely' used in sausage manu/aeture. 

Slaughter pigs. Slaughter pigs, weighing as they do from Ies> t.han 
30 to 120 pounds, produce carcasses which arc soft, watery. a.-.J Leek 
the fat necessary for the production of cured nteats. The cartas .- 1 ar- 
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therefore sold fresh, the heavier ones enjoying a considerable demand 
in certain areas. The number of these on the market is of course very 
small. Many of them are sold ungraded. 

Feeder and Stocker pigs and hogs. The only difference between 
slaughter pigs and feeder pigs is that the former are purchased for 
slaughter and the latter for further feeding. Few pigs of either class 
are found at the larger markets. The principal markets for feeder pigs, 
in addition to local auction centers, are at South St. Paul, Kansas City, 
and Sioux City. 

Agricultural Marketing Service Classification, The latest revised 
classification schedule for market hogs is the one tentatively recom- 
mended by the Agricultural Marketing Service of the U.S. Department 
of Agriculture, as shown in Table 169.“ This system is the one now 
used in the Federal market-reporting service. 

SELLING HOGS BY CARCASS WEIGHT AND GRADE 

During the recent past a rather urgent demand has developed 
among pork producers and breeders for some system of pricing or 
evaluating market hogs that would more accurately reflect their true 
cut-out or carcass value. Trade in hogs has been and still is largely 
based on considerations of weight and condition alone, with little 
discrimination being given to differences in grade or quality. Market 
quotations for butcher hogs, for example, largely consist of a listing 
of weights with their respective prices. The spread in the day’s prices 
for a given weight group is narrow and often is due as much or more 
to a change in the demand-supply relationship during the day as it is 
to any differences in the grade of hogs oSered. 

Market hogs vary widely in carcass value. Live-hog values vary be- 
cause of differences (1) in weight, (2) yield or dressing percentage, 
and (3) in the shape, finish, and quality of the carcasses which they 
produce. Hogs purchased at the same price under the same demand- 
supply conditions often display surprising differences in cut-out value. 
Tests made at the Geo. A. Horrael & Co. plant at Austin, Minnesota, 
by Engelman and associates of the Minnesota Station during the 
two-weeks’ period from September 29 to October 11, 1947, showed 
an average difference of 38.5 cents per 100 pounds live weight be- 
tween the price paid on foot and the actual cut-out value. Butcher- 
hog prices averaged $28.40 per hundredweight during the period. 

“ Don J. slater, Cir. No, 569, U.S.D.A 

“•Gerald Engelman, Austin A. Dowell, E. F. Fcrrin, and P. A. Anderson, Tech. Dul. 
187, 1950. 



Tabic 169. Market Classes and Grades of Swine 


Siaiighter Hogs 

Class \^ight Grade 


Barrows and gilts 


lb. 

' 120-1401 
140-160 1 
160-180 
180-200 I 

I 200-220 / 
’ 220-240 \ 
i 240-270 / 

I 270-300 
f 300-330 I 
330-360 
, 360-400 , 



\ 400-up 

Sows 

1 

I 270-300 ' 
300-330 
330-360 ^ 
360-400 • 
‘ 400-4501 
450-500 
500-600 J 
\ 600-up • 

Stags 

All weights 

Boars 

All weights 

UnclassiHed 

All weights 

All classes | 

Under 30 1 
30- 60 ] 
60- 80 1 
80-100 1 

Barrows and gilts 

j 100-120 1 


( Choice (fat type) 
Choice (meat type) 
Good 
Medium 
Cull 


/Choice (fat type) 
(Choice (meat type) 
[Good 


Ungraded 

Ungraded 

Ungraded 

Ungraded 

/Good 

(Medium 

(Cull 


! Choice 
Good 
Medium 
Cull 


Feeder and Stocker Hogs and Pigs: 
lb. 


( 120-140 1 


Hogs ) 140-160 


( 160-180 1 

Good 

Barrows and gilts ^ 


/ 80 -down 1 


Pigs ) 80-1 00 ] 

1 'Cull 

(100-120 ! 
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In the test there were 40 lots of five hogs each, representing five 
weight classes with 20- or 30-pound intervals, front 180 to 300 
pounds. In about one-half the lots the price paid on foot was greater 
than the carcass cut-out value justified; in about an equal number they 
were priced below their actual value. The largest difference for any lot 
was $1.33 per 100 pounds, and the smallest 1 cent. 

For comparison, the carcasses were rail-graded, using the objective 
standards of backfat thickness and carcass weight shown in Table 170. 
From these tests the authors calculated that the relative pricing accu- 
racy of the two methods, buying on foot and rail-grading based on 
their recommended carcass standards, was 45 percent and 83 percent, 
respectively. 

Significant recent studies. The most important attempt yet made to 
establish objective standards (based on pounds, inches, etc.) for 
evaluating hog carcasses was begun by Engelman and associates of the 
Minnesota Station in 1946 with the cooperation of Geo. A. Hormel 
& Co., packers of Austin, Minnesota. Detailed measurements were 
taken of 695 carcasses grouped in weight classes, with intervals of 
10 pounds, from 115 to over 205 pounds. After cooling each carcass 
was subjected to a detailed cut-out test with values based on the aver- 
age prices of the wholesale cuts and trimmings for the period from 
1937 to 1941. 

The high-value parts of a carcass are represented by the hams, 
loins, Boston butts, picnics, bellies — known as the five primary cuts — 
and the lean Uvmnnngs. In this study the total weight o{ these as a per- 
centage of the total carcass weight was used as the “index of lean.” 
Although the belly is a fat cut, it was included in the index of lean 
because of its high value. 

Index of lean and backfat thickness indicators of value. Analysis 
of the test data showed a very high negative correlation between the 
average depth of backfat and the index of lean (-.8589); that is, as 
the backfat increases, the index of lean decreases to about the same 
degree. Length of carcass was found to be positively associated with 
the index of lean in carcasses of the same weight class, the reason 
being that such carcasses arc less fat. Any influence which length may 
have on the index of lean, consequently, is exerted through its rela- 
tionship to the amount of backfat. Length was found to have little 
influence independently on the index of lean. 

” Gerald Engelman, Austin A. DowcU, E. F. Ferrin, and P. A. Anderson, Tech. But. 
187, 1950. 
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Lean carcasses liavc a high percentage of lean cuts or index of 
lean, and fat carcasses a low percentage. But carcasses with the high- 
est index of lean, or percentage ot high-value cuts, were found in this 
study to be less valuable than carcasses with an intermediate index. 
This is because a certain amount of fat is necessary to impart to the 
lean cuts the quality required for the production of high-grade prod- 
ucts. Any fat above this optimum point results in lowering the carcass 



Fig. 67. Grand champion carcass 
at the 1950 National Barrow Show, 
shown by Bi*Lane Farms, Pennville, 
Ind., a purebred Hampshire; live 
weight, 2lS¥j pounds; dressing yield, 
71 9 percent; depth of back fat, 1-6 
inches; and length (first rib to aich 
bone), 30.3 inches. 


value, due chiefiy to the low price of dry-salt fal backs, clear plales, 
jowls, and lard. The value of the carcass increases as the mJc.c of lean 
increases only up to the point Nvhere, because of a lack of fat. some of 
the wholesale cuts are penalized for lack of finish or quality. Uawd 
on the 1937 to 1941 average v.hole»aIc prices for the dilfcrcnl tu t, 
the optimum value for the inde.x of lean was found to be located m 
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the neighborhood of 70. This point presumably -will shift up or down 
as the relative prices of the high- and low-value cuts change in their 
relationship to one another. 

Carcass grade standards. Tentative grade standards based on carcass 
weight and backfat thickness were thus developed for measuring de- 
sirability of carcasses, as shown in Table 170. Carcasses with a lean 
index around 70 percent had the highest cut-out value, based on aver- 
age prices of the wholesale cuts from 1937 to 1941, and are given the 
Grade 10. Carcasses with a higher or lower percentage of lean or 
high-value cuts are placed in lower grades: the former. Grades 1 1 and 
12, because some of the cuts, especially the bellies, lack sufficient fat 
to escape a discount in price; the latter. Grades 8 and 9, because of 
excess fat and the low value of fat trimmings and lard. 

In February 1950 the Livestock Branch of the Production and Mar- 
keting Administration of the U.S. Department of Agriculture proposed 
the carcass grade standards shown in Table 171. These are basicly 
similar to the Minnesota standards just reviewed, but with a different 
tabular arrangement of the grades. 


Tabic 171. Schedule of Proposed Carcass Measurements for Grades of 
Slaughter Barrows and Gills (U.S.D.A.) 


IVcight (lb.) Average Backfat Thickness^ 

of Carcass, by Grade 

Live 

(Approx.) 

Choice 
Carcass No. 1 

Choice 
No. 2 

Choice 
No. 3 

Medium 

CiiU 


inches 

inches 

inches 



140 

92) 






1.46-1.73 

1.74-Z02 

2.03 or 

1.03-1.45 

1.02 or Jess 

170 

115 


more 




1.51-1.78 

1.79-2.07 

2.08 or 

1.08-1.50 

1.07 or less 

200 

138 


more 




1.57-1.84 

1.85-2-13 

2.14 or 

1.13-1.56 

1.12 or less 

230 

162 


more 




1.62-1.89 

1.90-2.18 

2.19 or 

1.18-1.61 

1.17 or less 

260 

187? 


more 




1.68-1.95 

1.96-2.24 

2.25 or 

1.24-1.67 

1.23 or less 

290 

213 


more 




[ 1.74-2.01 

2.02-2.30 

2.31 or 

1.30-1.73 

1.29 Of less 

320 

240^ 


more 




» .XvtrJKC uf ihnc incjuixcinittcs inmlc opimitc firu Jiid la.ti rtlii and la« luinbar icftcbra. 


A Choice No. 2 carcass ranks below a Choice No. 1 carcass, and a 
Choice No. 3 below a Choice No, 2, because of excess fat. Both No. 2 
and No. 3 Choice are strictly choice carcasses, comparable to Grades 




pi"’ 8 tJprj.) 
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8 and 9 in the Minnesota schedule, but because of extra fat and a 
lower proportion of high-priced cuts, they are of lower value than the 
Choice No. 1. Medium and Cull carcasses, like the Grades 11 and 12 
in the Minnesota schedule, are graded low chiefly because the finish 
or amount of fat carried is below the minimum required for the pro- 
duction of quality cuts. 

Conclusions and discussion. Assuming that satisfactory standards 
have been, or may be, worked out for grading carcasses on the 
rail, there remains to be considered the practicability of this plan of 
selling hogs when applied to marketing conditions as they are in this 
country. 

The following advantages are claimed for the plan of selling by . 
carcass weight and grade: 

1. In this system slaughter hogs would sell more nearly at their 
true cut-out value. In the plan now in use hogs of the same weight 
class generally are sold within a price range too narrow to accom- 
modate the differences in their actual carcass value. Tests have shown 
that live-hog grading, even when performed by the most discrimi- 
nating packer buyer, is less accurate than rail grading. Also, it is 
claimed that carcass grading is more impartial than live-hog grading 
since it would be performed by specially trained Government experts. 

2. When superior hogs command the premium which they deserve 
by their carcass value, and inferior hogs are discounted according to 
their deserts, the producer will have a greater incentive than he now 
has to improve the quality of the hogs he markets. 

3. The plan would automatieally do away with the wasteful prac- 
tice of excessive filling of hogs at the market. 

4. Producers would receive, along with the carcass grade report, 
definite information concerning softness and any bruising or con- 
demnation losses. Although this loss probably would be distributed 
among all hogs marketed, the knowledge would emphasize the need 
of more careful methods of handling and disease control. 

5. It is claimed that selling by carcass weight and grade would 
make possible the use of more accurate language in reporting market 
prices as well as encourage greater uniformity in the methods em- 
ployed by the market reporting services. 

6. Selling hogs by carcass grade has been proven cfiicient and 
practical in Denmark, Sweden, Great Britain, and Canada. In Canada, 
where the system is optional with the farmer, it has increased rapidly 
after its c.xperiniental introduction in 1934.'“’ 

Geoffrey Shepherd, la. Agr. Exp. Sia., Bui. 35}, I*)}?. 
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7. The cost of carcass grading has not proved excessive. Estimates 
in 1940, based on Canadian experience, placed the probable cost in 
this country at 2 to 3 cents a head, or about 1 cent per hundred- 
weight.^! 

Difficulties in applying carcass grading. On the other side, a num- 
ber of important reasons have been advanced to explain why selling 
slaughter hogs by carcass weight and grade generally would not be 
practicable in the United States; 

1. Because of the wide variety in the demand for pork products, the 
result of relative purchasing power and differences in climate, custom, 
etc., it would be difficult if not impossible to maintain any given grade 
standard as a basis for evaluating hog carcasses throughout the coun- 
try. New England, for example, prefers heavy hanrs and thick bacon, 
while the Baltimore market demands light cuts and lean bacon. There 
is no weight and grade which is preferred by all markets at the same 
time, and no weight and grade which is preferted at all times’ by the 
same market. 

The situation in the countries that have adopted carcass grading is 
quite different. There, the chief demand is for the type of hog that 
will produce a Wiltshire side that will meet the specifications laid down 
by the British bacon curors. These specifications arc definite and do 
not change with the season or year, 

2. The rail-grading system of evaluating hogs would be dilheult 
in practice, also, because of the fluctuations which normally occur in 
the number, weight, and condition of the hogs marketed from se.iwni 
to season, and between different markets at the same time, hriee-* .ire 
influenced not only by the quality of the product, but also tv. the 
demand-supply relationship. This relationship chances with the .e.i- 
son, and on a given day may be dilfcrenl at dilferent mart cis. It micht 
conceivably be responsible at times and places fur .N’o 2 or eseii k. ' 
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mittees, and usually are set and published in advance by a week or 
month. Certain controls also have been used to secure more even 
seasonal supplies.'*^ 

3. What appears to be one of serious obstacles to the general ap- 
plication of the carcass-grade system of selling hogs in this country is 
the impossibility of making an immediate settlement on delivery. 
Even when the farmer sells direct to a local packer, full payment can 
be made only after his hogs have been killed and the carcasses graded. 
However, this would not involve a long delay, and any objection to it 
by the farmer can be largely overcome by the immediate payment on 
delivery of, say, 90 percent of the estimated amount. 

But when the farmer sells to a dealer, country packer buyer, or con- 
signs his hogs to a cooperative, which together handle more than one- 
third of all the commercial hogs marketed, the situation becomes very 
much more complicated. From these assembly points his hogs most 
likely will be mixed with others and shipped to one or more — some- 
times distant — markets. Here, some of them may be purchased by an 
order buyer for reshipment to Eastern or Pacific Coast slaughterers. 
Two-thirds of the hogs marketed in Indiana in 1947, for example, 
were shipped to Eastern packers, situated chiefly in Baltimore, Boston, 
and Western Pennsylvania.^'* In any of these situations, final settle- 
ment would be long delayed. 

There also would be the problem of maintaining the identity and 
ownership of the hogs all along the marketing route. This would not 
be so difiicult with stencil branding. But if the farmer is to be paid on 
the basis of the carcass value of his hogs, it would necessitate an 
amount of paper work on the part of the intermediary handlers in 
keeping their records straight and reporting the grading results, as 
would seriously endanger, if not make impossible, the success of the 
plan. 

Selling hogs by carcass weight and grade would appear to have its 
best chance of success when applied to hogs sold directly to a local 
packer whose products are designed to meet the requirements of some 
particular market. However desirable it may be, it appears extremely 
doubtful that the plan ever can be successfully applied generally in this 
country. 

Producers believe they have a just complaint, however, in insisting 

** GeofTrcy Shepherd, la. Agr. Exp. Sia„ Bui. 353. 1937. 

** Ramon Wilson and James R. Wiley, lad. Agr. Exp. Sia., Economic and Market- 
ing Information, Aug., 1950. 
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that the packer buyer generally fails to give adequate attention in the 
prices he bids to differences in quality and prospective cut-out value 
between different lots, particularly for droves belonging to the same 
weight class; and that he seems more concerned with making the aver- 
age cost of his daily purchases conform to the average value of the 
products than he is in applying the same discrimination to the pur- 
chase of individual lots. 

Part of this failure, undoubtedly, is due to custom and the inability 
of the average buyer, because of lack of training, to judge accurately 
the yield and cut-out value; part of it is the result of the fact that com- 
mission agents and producers do not always sort their hogs for weight 
and grade before offering them for sate. That both the selling and 
buying agents on the market are increasingly aware of these facts and 
have made efforts to correct them is indicated by reports of farmers 
and other market observers that some improvement along these lines 
has been made in recent years, particularly on certain markets. At least 
it appears that the best hope for the future lies not in any radical 
change in our present marketing system, but rather in further im- 
provements of the plan which we now have. 



XVlIl Factors Affecting 
the Price' of Hogs 


Attention will be given in this chapter to a brief consideration of 
the more important factors which affect the price of hogs. The attempt 
is made to explain why prices vary from year to year, season to season, 
and day to day. A general understanding of the facts and principles 
involved will be useful to the producer in determining the number of 
sows that should be bred in a given season, the method of feeding 
most profitable to employ in feeding out the pig crop, and in determin- 
ing the time of marketing. He should be able to judge general market 
conditions with more understanding, to see farther ahead, and to 
adjust his hog production program more successfully to market needs. 

The relation of supply and demand. The market price of hogs is the 
resultant of a large number of factors, some of which operate by affect- 
ing the supply and others by the influence which they exert on the 



Fig. 68. Federally inspected hog slaughter and bushels of corn produced 
annually in the United States, I93d to 1948, inclusive {Feed StalisltcSt Statisticol 
Bui. No. 85, U.S.D.A., 1949, and US.D.A., Livestock Market News, C.X.-38, 
19491. 
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demand. The total pork supply for the year is chiefly determined bv 
the number of sows bred and farrowed, the state of the ueatlier dur- 
ing the farrowing season, the average weight of the hog^ marketed, and 
disease losses. The strength of the demand is affected nianiK hv ilic 
level of consumers’ income, the export demand, population growth, 
dietary habits of the consumer, and the prices of sub.stitute foods 
The price received for hogs, barring short-time fluctuations, w de- 
termined by the relative strength of the supply and demand f.ninr^ 
When the immediate and prospective supply of hogs incre.lse^. .in. I 
the demand does not change, prices decline. And when the deni.iiul 
increases and the supply remains constant, prices advance. When the 
change in supply just balances the change in demand, the priees reni.nn 
unchanged. Falling prices may be due cither to increased supplies or 
decreased demand; rising prices may result cither from a delitieiiss 
in the supply or increased strength in the demand. High priees stnmi- 
late production; low prices stimulate consumption. 

FACTORS WHICH AFFECT HIE .SLTTI.V OF 1‘OUK 
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farm slaughter and slaughter at plants without Federal inspection.* 
The hog-corn ratio affects future pork supplies. In normal times 
the most important influence affecting the farmer’s decision as to the 
number of sows to breed seems to be the relation between feed j)rices, 
especially of corn, and the price of hogs during the months immedi- 
ately preceding and during the breeding season. This relationship is 
known as the “hog-corn” or “corn-hog” ratio, and means the number 
of bushels of com required to equal in value 100 pounds of market 
hogs. A hog-cora ratio of 11, for example, means that the prices are 
such that 11 bushels of com are equal in market value to 100 pounds 
of market hogs. It may be based either on Chicago or farm prices. 
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Fig. 69. Federally inspected slaughter of hogs and the hog-corn ratio (farm 
prices) by years, 1934-1948 Livestock Market News, C.5’.-38, 1949). 


In Fig. 69 the broken line represents the average number of bushels 
of corn required to equal in value 100 pounds of market hogs, farm 
prices considered, for each year from 1934 to 1948, inclusive. The 
heavy straight horizontal line in this figure represents the ratio of 
12.6, the average for the period. The so-called historical ratio, or long- 
time average ratio during normal times, is 11.4. A high hog-com 
ratio, one above the average, means relatively cheap corn and high- 
priced hogs; a low ratio means relatively high-priced com and a low 
market price for hogs. The effect of a low or unprofitable ratio is to 
cause a reduction in the number of sows bred during the next subse- 
quent breeding season; a high ratio, on the other hand, tends to result 
in the breeding of an increased number. The effect of this natural 
response on the part of the farmer is to cause an increase or decrease 
in the number of hogs marketed 12 to 18 months later, depending on 
whether the ratio was low or high. 

The degree to which production is affected by the hog-com ratio is 


U.S.D.A., 1948. 
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shown by the relationship between the price ratio durine the breeding 
period, September to December, and the number of sows farrowiiw the 
tollowing spring, from 1924 to 1950, as reported by the Bureau of 
Agricultural Economics.^ When the ratio during the fall breedia<’ 
period was 14.7 to 17,2, there was an average increase of 1 6 .s percent 
(5.1 to 27.9) in the number of sows farrowing the foUowina spring 
compared with the preeeding spring; when the ratio was 1 1 .2 to 14 5, 
there was a decrease of 4.4 percent (-24.1 to +8.6) ; when the ratio 
was 6.8 to 11.2, the decrease in the number of sows farro-.ving 
amounted to 9.4 percent (—25.2 to -f-8.3). 

In normal times the hog-corn ratio cycles tend to move in opposite 
directions to those of the production or slaughter cycles, which gen- 
erally are of 3 to 5 years duration. Price-control measures adopted by 
the Government during the war period, represented by ceiling prices 
on market hogs during 1944, 1945, and 1946, and support prices 
from 1941 to 1950, together with the patriotic response of fanners to 
the need for increased food production, were inllucnces which modi- 
fied the usual or normal relationship. Other factors wliich tend to 
obscure the usual relationship arc (he stale of the weather during the 
farrowing season, extent of disease losses, severe droughts, such as 
occurred in 1934 and 1936, and low wheal compared with corn 
prices. 

Although other factors may influence hog production above or 
below the normal or average, the dominant factor responsible for the 
periodic shifts which occur every 2 lo 5 >cars is ihc hog-corn price 
relationship which existed during and immediately preceding die 
breeding season, and the size of the com crop. Since 12 to IS mi’nihi 
must intervene between the lime the sows arc bred and the pig> m.ir- 
keted, and because the farmer is guided in his breeding pLnv more b,. 
present than anticipated prices 12 lo IS months Liter, these 
in production lend to be extreme and often \u4eni. ’I he ideal Mtu.it.^ o 
with respect to the supply and price of pork would be un 
duction just sullicicnl in volume that ihe eomumer i.Ae at a 

price just sullicienily high to ensure a protit to the pnd-.er -; d i:- 
tinued production. 

DtAI V.M> KVCIt)K> .\mct rMit »> 

Comuiuer’s iucornc uf bade uapvftaacc. OI l: e c.. 

termine hog prieo. as v^ed a> dial %.£ .. c,- .-j. , * 

* L’ so v/«^- 
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income is probably the most fundamental and important. Full employ- 
ment and high wages mean the ability either to take an abnormally 
large supply of pork at average prices, or a normal supply at prices 
considerably above the average. When times are hard, on the other 
hand, below-normal supplies may fail to bring even average prices. 
Studies have established the principle that the general level of bog 
prices is determined at the point where, under the demand condi- 
tions, the supply will just move into consumption.^ The record low 
prices for hogs in 1932, 1933, and 1934 were the result of the severely 
limited buying power on the part of the industrial population, due to 
the acute business depression at home and abroad, and not to an ab- 
normally large pork supply. The supply could be moved into con- 
sumption only at this low price level. 

An increase in consumer demand tor pork products is registered 
first at the retail shop or store in the willingness of the public to buy 
increasing quantities at a given price or to pay higher prices for a 
limited supply. This increased demand is reflected on the wholesale 
market in orders of larger volume or at higher prices, from which 
point it is carried, in turn, by the packer to the live-hog market. The 
demand will finally be registered in higher live-hog prices as a result 
of the competition among packers for the available supply of hogs. 

The farmer, in the last analysis, really has little to say concerning 
the price his hogs bring on the market, especially in affecting the gen- 
eral hog-price level. After his pig crop has been produced, the best he 
can do is to choose the time and place of marketing wisely, although 
he can influence the supply by varying the finished market weight. 
The price level cannot be pushed above the consumer’s capacity or 
willingness to pay; but, when allowed to operate without Government 
intervention, the competition among the retailers will guarantee that 
the prices paid by the consumer will be close to the maximum limit, 
while competition among the retailers, wholesalers, and packers, re- 
spectively, will guarantee that the prices paid by the consumer will, 
after operating margins have been deducted, be expressed in the gen- 
eral level of live-hog prices. 

Consumer’s income modified by purchasing power of money. It is 
important to observe here that the real purchasing power of the con- 
sumer’s income is affected markedly by changes in the value of the dol- 
lar. Full employment and high wages were not responsible alone for 

* G. C. Haas and ^fordccat Ezekiel* U^.D.A., Dept. But. 1440, 1926; U.S.D.A.* 
Misc. Pub. 222, 1935. 
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Fig. 70. Average annual price of hogs per hundredweight at Chicago from 
1934 to 1948, inclusive (U.S.D.A., EivestocJ«, Market News, C.j'.OS. lyj'Jy. 

the high hog prices registered during \Vorld*\Var II and subsccjuently. 
a considerable part of it was the result of cheap money. Had the pur- 
chasing power of the dollar been constant, the year-to-year average 
Chicago prices from 1935 to 1949 would have been as shown by the 
dotted curve in Fig. 70, based on the average purchasing power of 
the dollar from 1935 to 1939, inclusive. 

Packers* and distributors’ itiargiiis. It will be interesting here to 
observe the portion of the consumer’s dollar paid fur pork which is 
taken by the various agencies concerned with the processing, handling, 
and retailing the products. Bjorka of the Bureau of Agricultural l'C»>- 
nomics ^ made sucli a study, the re:>ulis of vvhicii are shown in lahJe 
172. 

After the costs and profits for the services performed by the retai.er. 


Table 172. V’alue ami .Maniin* p«r 100 I’uuuJk of FJiLl* i'oik, I'HS 
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wholesaler, and packer have been deducted, there is left for the farmer 
only 40 cents of the consumer’s dollar, to pay for his service as pro- 
ducer. 



Fis. 71. Prices of barrows and gills purchased at Chicago, 1941-1950: the 
support and ceiling prices in cflcct (conr/ciy. U.S.D.A., Bii. Agr. Ec.). 


Bjorka’s studies also showed that salaries and wages represented 
the largest item in the cost of the Uificrent marketing functions for all 
classes of meat animals. For marketing livestock (exclusive of trans- 
portation) 49 percent of the operating e.xpenscs was paid for labor; 
for meat packing, salaries and wages amounted to 51 percent of the 
total operating expenses; for wholesaling it was 52 percent (exclusive 
of transportation); and for retailing, salaries and wages represented 
58 percent of the cost. The total cost to the packer for processing 
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pork is greater than for other meats, but the retailing cost is corre- 
spondingly less. 

If the price of live hogs rises as labor and other costs increase, as 
they do in the long run when unfettered by controls, the percentage 
of the consumer’s dollar received by the farmer would be expected to 
remain fairly constant through the years. This assumes, ot course, 
that processing costs are not increased by further improvements in 
merchandising techniques. 



1935 '36 '27 '38 '39 '40 '4l '42 43 '44 '45 '46 '47 '48 '49 

Fig. 72. Pork and lard exports by the United States. 1935 to 1949, inclusive 
(U.S,D.A.. Livestock Market News, C-J.-JS, 1*^49;. 

Export demand may affect prices. Except in war times, the volume 
of pork exports by the United States is so small, compared with the 
total production, that its inllucncc on hog prices is relatively unim- 
portant. In Fig. 72 there is pictured the pounds of ptirk (fre^h, 
cured, and canned) and of lard (including rendered pork fat) ev- 
ported annually from 1935 to 1949, inclusive. 

During this 15-ycar period the exports of p«'rk represenled 3.3 i^-r* 
cent of the total slaughter, while lard exports amounted to IS (vreent 
of the total production. For the 6 prewar \car\, 1935 to I9-.0, ho-^- 
cver, pork exports amounted only to 1.1 percent of the i!au;h!.r. 
and lard exports only to 9.S percent of the preiductiun- 

Wc import some pork products, but the amcu.m, wh-.h hvia li* > 
to 1949 represented less than one-u-nih of 1 ;vree::t U-- i* 
exported, is little more than a trickle. 
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Population increase affects demand. The expansion which has oc- 
curred in the number of hogs produced in the United States has paral- 
leled in general the growth in population. From 1800 to 1900 the 
population increased by more than 1300 percent (5,308,483 to 75,- 
994,575). From 1900 to 1950 the number of people was almost 
doubled by an increase of 97 percent. During the past two decades, 
1930 to 1950, the increase has been 22 percent (122,775,046 to 
150,000,000, predicted), or at the rate of 1.1 percent annually.® 

The danger of surplus pork production and ruinous prices in the 
future does not appear to be great, therefore, so long as the buying 
power of the people is not reduced through industrial unemployment. 
Also, the urban or city population has increased much more rapidly 
than has the rural population. In 1800 the country population consti- 
tuted 93.9 percent of the total; in 1850 it was 84.7 percent; in 1900, 
60.3 percent; while in 1940 it was only 43.5 percent of the total. 

Dietary habits of the consumer. The general substitution of machine 
for manual labor both on the farm and in the industries, as well as the 
decline in rural compared with the urban population, are undoubtedly 
responsible for some weakening in the demand for pork and other 
meats. Along with this change there have come year-round supplies 
of fruits and fresh vegetables, and the teachings of the dietitian in 
favor of greater variety and vitamins, with the result that the house- 
wife now is inclined to place less dependence on meat than she did 
formerly. 

Dietary habits are markedly affected by ecconomic conditions. 
When these are bad, as a result of war or maladjustments in the pork 
supply, there tends to be established the habit of low consumption, 
thus weakening the demand. The produeer, however, may take some 
encouragement from the nation-wide educational campaign which is 
being aggressively waged by the National Live Stock and Meat Board “ 
in bringing effectively to the attention of the consuming public the 
superior nutritive qualities of meat and its right to continue to occupy 
the central place in the diet of the American people. 

Price of substitute foods affects demand for pork products. Al- 
though pork is the poor man’s meat, the demand for it is affected by 
the availability and prices of substitute foods. Canned lish and other 
marine products represent one of these. The production of canned fish, 
oysters, clams, shrimps, etc., in the United States and Alaska increased 

‘U.S. Census Bureau Rpls. 

• R. C. Pollock, Gen. Mgr. 
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246 percent from 1939 to 1948.’ This was augmented by the im- 
portation in 1948 of 57 million pounds. Money spent for lliese food 
products increased by more than four times from 1939 to 1 94S. Al.so, 
when meat prices are high and consumers’ income low, less pork and 
more cereals are eaten. Poultry consumption has increased enormously 
in recent years. 

The extensive substitution of vegetable shortenings for lard that h.is 
occurred during the past 20 years has seriously depressed the demand 
for lard and consequently affected the price of hogs. Lard and ren- 
dered pork fat constitute from 12 to 15 percent of the hog's loe 
■weight. From 1939 to 1948, inclusive, the Chicago wholesale price 
of refined lard averaged but 1.46 cents per pound above Chicago li\c- 
hog prices.® Thirty years ago lard represented 20 percent of the v.ilue 
of the dressed hog; today it probably represents less lh.m 10 [Mr- 
cent. 


• SEASONAL VAKIATIO.V I.\ I'HICE 

The supply of market hogs varies with the season. The season. d 
variations which are characteristic of market receipts are the result of 
the seasonal nature of the farm hog-ptoductiou ptogcaiu (see l.vhle 
II, Chap. II). The extent of these variations is shown by tlie sold 
line in Fig. 73, which is based on the ascr.ige pcreeni.ige of the hi'gi 
slaughtered by months for the lO-sear period I9J0 to 19.19, iticluioe. 
This prewar period was selected to show the rcdation Ivtw.cn 
seasonal supplies and se.tsonal prices, rather than a more rc'.cni i ee. 
because it was believed that the normal rclaliondiip w..i L-., d.uerlsd 
by the production control measures taken under tf.e /\erwu. tural .\.l' 
justment Acts of 1933 and I93S than In ik; Cio.ettm.ent'. ; r ■ 
control and price-support programs during and sub.e.; — n: .o A. r ., 
War 11. 
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Fig. 73. Percentage distribution of federaliy inspected slaughter of hogs 
by months, 1930 to 1939, inclusive, and monthly average Chicago prices 1930 
to 1939, inclusive W.S.D.A., Livestock Market News, Statistical Bill. No. 91, 
19501. Purchases on Governinent account for Emergency Hog Control Program, 
from August 21 to October 7, 1933 are excluded. 


September; those farrowed late and fed full rations only after the new 
corn crop becomes available may be marketed as late as February. The 
bulk of the spring crop, however, arrives in November, December, 
and January. Most of the fall pigs are marketed the following summer, 
with the peak of the receipts usually in April or May. The decline in 
receipts during July, August, and September means that most of the 
fall pigs have been sold and that general marketing of the spring 
crop has not started. A considerable proportion of the receipts during 
late summer is represented by packing sows. 

There are exceptions, of course, to these general rules and averages. 
In the western Com Belt, where the single-litter plan of production is 
mote often followed, the pigs are farrowed late, and later than aver- 
age marketing results. In the eastern Com Belt, on the other hand, 
where the two-litter system of production is practically universal, 
early farrowing and more intensive feeding is the rule, with the result 
that the pigs reach market earlier than is charactcristie for the com- 
mercial supply as a whole. Market receipts in the South naturally 
vary less with the season than those in the North. 
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There are some departures from this normal distribution also due 
to the state of the market and the feed supply. When feed is scarce 
and hogs low in price, it may result either in a postponement of heavy 
feeding with later-than-usual marketing, or to earlier-than-usual mar- 
keting at immature weights if the outlook for the corn crop is un- 
favorable. Also, during years when hog numbers are being increased, 
as occurs following periods of heavy corn crops, marketings during 
the autumn and winter will be above average; while during years of 
declining production the proportion of the year’s receipts during the 
early part of the year will tend to be above normal. 

The slaughter data given in Fig. 73 are based on number of hogs 
and not on total weight. The average weight of barrows and gilts 
(butcher hogs) from February to July at the seven principal markets 
from 1939 to 1948, inclusive, averaged about 10 pounds heavier 
than those marketed from August to the following January. Heavy 
receipts of packing sows during July, August, and September raise 
the average weight during the late summer. 

Seasonal price changes and (heir causes. The average monthly price 
(actual) of hogs on the Chicago market from 1930 to 1939, inclusive, 
is shown by the broken line in Fig. 73. Like the supply, the price varies 
from month to month throughout the year, but in the opposite direc- 
tion. Normally and on the average, prices are highest in August and 
September and lowest in December and January, while receipts are 
lightest in August and September and heaviest in December and 
January. This relationship conforms to normal expectancy. 

Prices for the individual years, however, do not follow c.xaclly this 
normal, although they tend to. Only twice during this iO-year period 
was the highest average price recorded in September. In two jears 
they were highest in February, and in each of the remaining 
excepting June, once during the period. When prices are on the up- 
grade, autumn and early-winter prices will be relatisely high for ihe 
year’s average, while during years of declining prices they v^iil be 
below normal. The premium for early-marketed spring pigs is greaiesi 
wiien prices arc lending downward, and least when on the ascending 
side of the price cycle. 

A study of the monlh-io-monlh lluctualions in receipts and prices 
reveals the rather significant fact that receipts vary iimeh more widely 
than do prices. In fact, during this 10-ycar period the cocli.cicnt cf 
variation for receipts was four limes that for prices, fh-s fa-r was 
taken into consideration when plotting the iwss curses. 
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Seasonal price changes differ for different weights. Prices both for 
light and heavy hogs are highest on the average in September and 
lowest in December and January; but the spread in prices between 
light and heavy hogs varies with the season. Hogs weighing 190 to 
230 pounds are in strongest general demand because they furnish the 
weight and quality of cuts required in largest volume by the consumer. 
The demand for the products of heavy butcher hogs, weighing from 
250 to 300 pounds, on the other hand, is much more limited. Because 
of seasonal fluctuations in the supply, however, there are times during 
the year when heavy hogs will sell for more than they would have 
brought on the market 1 or 2 months earlier as light hogs. This brings 
up the question of the most profitable weight to market the pig crop. 



Fig. 74. Prices of good to choice butcher hogs at Chicago by months and 
weight classes, 1934 to 1941, inclusive, adjusted to prices in November, 1948. 


At what weight sltould hogs be marketed? The two principal factors 
involved in determining the best market weight are the cost of pro- 
ducing the different weights and the prices the respective weights self 
for during the different seasons of the year. 

fn Fig. 74 is shown the seasonal variation in the average monthly 
prices of good to choice barrows and gilts of different weights on the 
Chicago market from 1934 to 1941, inclusive, with the prices adjusted 
to those of November, 1948.” 

. I Iw Atkinson and John \V. Klein. Fred Caimimption and Markeling IFrls/'l o! 
Hogs, U.S.D.A., Bu. Agr. Ec., Tech. Bui. 894, 1945. 
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_ A Study of these weight-price curves shows that 250-pound hosjs 
m February sold higher than 200-pound hogs did iu January, and 
practically as high in March as 200-pound hogs did in February. 
Also, in June, July, and August, 250-pound hogs were priced higher 
than 200-pound hogs the respective preceding months; and 300- 
pound butcher hogs in July sold higher than 250-pound hogs did in 
June. 

Considering the very siight increase in the total cost of producing 
heavy compared with light hogs (see Chapter XVI), the following 
conclusions of Hadley and Bauman of Purdue University,^" made 
after a careful study of all the factors involved, seem to be warranted; 

1. With a very favorable feeding ratio, it pays to make 250- to 300-pound 
hogs except in the fall of the year. This advantage is expected to be greatest 
in feeding hogs weighing 200 pounds in May, June, or July to heavier weights 
for sale six weeks to two months later. 

2. It seldom pays to carry hogs past 300 pounds. 

3. With normal feeding ratios, it pays to market hogs at around 200 to 225 
pounds except in December and January, and again in the late spring and 
early summer when they usually can be profitably fed 50 pounds heavier. 

4. It seldom pays to carry 200-pound hogs beyond September, due to the 
sharp seasonal price decline which usually occurs in the late rail and early 
winter. 

Cold storage holdings. The price of hogs does not fluctuate during 
the year as much as does the supply because of the important func- 
tion performed by the cold-storage facilities of the packer. By the 
accumulation of large storage supplies during the heavy run of market 
hogs in the winter and the withdrawal of these supplies during the 
summer when current receipts of live hogs are low, the packer is en- 
abled to equalize the seasonal supply of pork products to the con- 
sumer. The per capita consumption of pork products varies remark- 
ably little during the year. 

During the period 1940 to 1949 cold-storage holdings of pork 
products, which included dry-salt, pickled, frozen, cured and in proc- 
ess of cure, amounted to a minimum of a little more than 242 million 
pounds on November 1, on the av’erage, and to an average maximum 
of more than 598 million pounds on NIarch 1.*^ During the four- 
jnonths period from March to July the volume going into ^torj-'e 
about equals the amount withdrawn from storage. From November 
to February the stocks going into storage greatly exceeds the 
withdrawn; during the late summer and early fall the uithdra-aN 

“N’. S. Hadley and R. H. Baoria-T. 

B_L .Nj. ^1. t/... 
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greatly exceed the volume going into storage. Clemen reports that 
from 1917 to 1920 inclusive 20 to 30 percent of the pork going into 
consumption during July, August, September, and October was repre- 
sented by storage stocks.^- 

This carry-over of surplus pork stocks from the season of heavy to 
the season of light market receipts is so efficiently performed that the 
effect of the seasonal variations in market receipts on prices is prac- 
tically nullified. The differences in the price received for live hogs 
during the different seasons of the year are little more than is sufficient 
to pay the costs of storage. It appears, therefore, that the normal 
seasonal variations in the price of hogs are the result more of the larger 
margin requited by the packer on hogs purchased in the winter, a large 
proportion of which goes into storage, than it is to the variation in 
market receipts. 

Locker and home-freezer units provide important storage facilities. 
The facilities now supplied by frozen-food-locker plants, deep-freeze 
units, as well as the 30 million refrigerators in use in American homes, 
may affect the week-to-week demand for meat. The Bureau of Agri- 
cultural Economics reports that the estimates on the number of 
deep-freeze units in use vary from 2.25 to 3 million, and that there 
are 5 million lockers available in freezer locker plants throughout 
the country. The combined storage space of these units, about one- 
half of which is used for meat, is estimated to be considerably larger 
than the total freezer space in commercial storage plants. About two- 
thirds of the freezer lockers ate rented by farmers. 

The extent to which these storage supplies are laid in during the 
months of surplus production and withdrawn during periods of deficit 
supplies, they will supplement the storage facilities of the packer and 
tend further to help reduce the weekly and monthly changes in the 
price of pork and hogs. 

DAILY FLUCTUATIONS IN SUPPLY AND PRICE 


Considerable variation in the daily supply of hogs characterizes the 
receipts at the large public markets. Studies by the Bureau of Agri- 
cultural Economics of the daily runs at the Chicago market in 1931, 
1932, and 1933 showed the following with respect to the average dis- 
tribution of those consigned for sale (not including directs) : Monday' 


** Rudolf A. Clemen, T/ie Uifstock c/id .\feat Industry, The Ronald I’rcss 

Co.. N.Y.. 1923. 

“U.S.D.A., Lhescock and Meat Situation, LMS-13, Sept., 1950. 

»U.S.D.yV, Misc. I’ub. No. 222, 1935. 
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28 percent; Tuesday 21 percent; Wednesday 18 peitcr,; Thursday' 
19 percent; Friday 13 percent, and Saturday 1 percent. Of the Iia-'s 
representing direct shipments to Chicago packers, 30 peiccnt ot tile 
weeks total arrived on Monday aud 15 percent on Saturday. The 
remainder was fairly equally distributed among the other days of the 
week. 


Distribution of the receipts at the interior packing plants and con- 
centration yards in Iowa and southern Minnesota during the saii'c 
period was quite different from that of the central markets. They were 
characterized by the large number of arrivals on Saturday, which rep- 
resented on the average more than 30 percent of the week’s total. On 
the other days of the week arrivals were fairly evenly distributed, but 
with a tendency for the number to increase slightly from Monday to 
Friday.^ Most of these hogs are delivered by truck and represent 
“direct” purchases by packers, and the distribution seems to be a 
natural one. Saturday arrivals at the interior markets represent the 
supply with which the packer commences killing operations the fol- 
lowing Monday. 

The price of hogs fluctuates from day to day throughout the week, 
as does the supply, but quite independently of the supply apparently. 
The extensive studies made by the Bureau of Agricultural Economics, 
referred to earlier, showed that for packer purchases on the Chicago 
market, the Monday and Wednesday prices were as high, or higher, 
than the average of the week. This is interesting since tlie naturally 
heavy receipts of consigned hogs on Monday is augmented by liic 
arrival of those purchased direct the previous Saturday. Although the 
supply constitutes less than 2 percent of the week’s total, Saluid.iy 
prices at the Chicago market are as low, or lovier, than the ater.ige 
for the week. 
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supply which will be available on a given day, or to their inability to 
judge accurately the immediate demands of their trade. At the central 
markets, receipts above the normal for a given day tend to depress the 
price for that day, while supplies below the usual or expected number 
tend to raise the price. In other words, fluctuations in the daily supply 
affect prices only when they are above or below the normal for that 
day; the usual or normal changes in the day-to-day supplies during 
the week apparently have no effect. 

SUMMARY 

1. Hog prices vary from year to year because of changes in the 
relationship between the supply of hogs and the demand for pork 
products. The most important influences determining the number of 
commercial hogs produced in a given marketing year is the hog-com 
ratio during and immediately preceding the breeding season and the 
available and prospective supply of corn. It is affected also by the 
weather during the farrowing season, disease losses, the prices of other 
hog feeds, and general business conditions. The important factors in- 
fluencing the demand for live hogs ate consumer’s income, the volume 
of exports, storage supplies, population, dietary habits, and the price 
of alternative foods. The most important of these factors which affect 
year-to-year changes in the hog-price cycle seems to be the supply of 
hogs. The price actually paid may appear high or low also according 
to the purchasing power of the dollar. 

2. The normal seasonal changes which occur in the price of hogs 
are the result chiefly of the seasonal character of hog marketings and 
the larger margins required by the packer to pay storage charges on 
the surplus supplies produced by the. heavy runs during the winter. 
Consumer requirements are practically constant throughout the year. 
The more important of these two factors is the extra costs of storage 
attached to the handling of these surplus supplies. 

3. Daily fluctuations in the price of hogs do not appear to be related 
to the variations which normally occur in the number of hogs arriving 
on the different days of the week at the central markets. Prices are as 
high on days which normally have heavy supplies as they are on days 
when normally but few hogs are marketed. When arrivals on a given 
day are above or below the expected or normal, however, the price will 
be affected. At the interior markets, supplies are usually heaviest on 
the days highest prices are paid. i 

The intelligent hogman may take advantage of these tacts either by 
holding fairly closely to a plan of production which changes little 
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from year to year, or, if inclined to change, by varying his production 
to conform more to probable future rather than to present prices. The 
first plan is favored by the fact that changes in production from year 
to year are always accompanied by some increase in the costs of pro- 
duction; also the good hogman generally makes a piofit, all factors 
considered, even in years when the hog-com ratio is unfavorable. If 
he IS inclined to vary his production, he should be influenced less by 
the present relation of corn and hog prices in determining the number 
of sows to breed, and more by what the ratio and demand are likely 
to be 12 to IS months later when the pigs go to market. He will study 
carefully the federal reports on “Breeding Intentions” and “Pig Far- 
rowings,” published about December 30 and June 30 each year, as an 
aid in helping to forecast the subsequent year’s supply. rs 

As a rule, farmers persist in reducing production so long as the hog- 
corn ratio is unfavorable, and they continue increasing production so 
long as it is favorable. Of course, when the carry-over of corn is no 
greater than it is, a short corn crop necessitates liquidation. The result 
IS that the average man has most hogs to sell when the price is low, 
and fewest when they are high. It is also largely responsible for the 
extreme variations in the supply which occur from year to year and 
the economic loss to the industry which results. 

The regularity with which hog prices change with the seasons 
promises higher prices to the farmer who markets his pig crop ahead 
of the general run. This can often be accomplished without increasing 
greatly the costs of production or of necessitating any radical change 
in the farm organization. A better class of breeding stock, more atten- 
tion to sanitation, and better feeding practices than are common on 
the average farm are also means to this end. 

The fluctuations which occur in the price of hogs from day to day 
emphasize the importance of orderly marketing of the available sup- 
ply. By taking full advantage of the radio and other ready means of 
acquiring market news information, and particularly by keeping in 
touch with competing local markets, the individual farmer, or his 
cooperative, will be able to choose the time and place of market- 
ing with more likelihood of avoiding market gluts with their price 
penalty. 

A national pig survey is conducted twice annually by the U.S. Dureau o£ Arricel- 
tural Economics with the cooperation of the U.S. Post OlEce Depaiuncnt on June J 
and December 1, the results being released at the end of the monlh. The report* 
include (a) the size of the pig crop farrowed during the previout 6 month* x* com- 
pared with the previous >ear, and (b) breeding intcniions. for spring fi/fo«mi ta l..<3 
December report and for fall farrowing lO the June wj'>ey. 



XIX Judging 


Success in the production of market pork or in the breeding of pure- 
breds is determined pretty much by the judgment used in the selection 
of breeding stock and in evaluating the quality of the finished product. 
The primary essential for success is that the hogman must be a good 
judge. The ability to “size up” the individual accurately and quickly is 
a talent possessed by all successful breeders. 

The basis for sound judgment. There are three important essentials 
involved in judging; first is the importance of having clearly in mind 
the ideal type; second is the necessity of observing critically the merits 
and faults of the individual; and third is the exercise of good judgment 
in weighing the good points against the faults in reaching a final deci- 
sion. Of these three, the first is the one which most often is responsible 
for the failure of good judges always to agree. 

Sound ideals call for utility standards. By sound ideals is meant tltat 
they arc based on considerations of utility rather than on so-cailed 
fancy points. Tlie ideal market barrow is one whicli will yield well and 
possesses the form, finish, and quality that will produce a carcass of 
the highest cut-out value. With the breeding classes, the ideal is a 
type which is most consistent with a high level of breeding perform- 
ance. For cfiicient and profitable production the brood sow must be 
capable of (1) producing and raising large litters; (2) produce pigs 
with the capacity for rapid and economical gains; and (3) pigs which 
liave the type and finislt that will yield Choice No. 1 carcasses at the 
popular market weights of 180 to 240 pounds. 

It is now generally agreed among practically all breeders that the 
type of hog which performs most acceptably in all three of these 
phases of production under present conditions is the so-called medium 
or intermediate type. But it was not always so. 

TYPES OF HOGS 

The old plan of classifying all hogs as belonging either to the lard 
or bacon type still persists, although it is generally recognized that tl'C 
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A — The type of Poland China aged sow that uas made Champion in 1911 
(photo by Allen). 



B— Champion junior joarling Poland China N)ar, pyli) (;hi /<> hi Cm : n 
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Since about 1925 the trend in the breeder’s type has been away 
from this'e.Mreiiic and lonard an ideal which seeks to retain all that 
was good in the so-called "big type” and to reclaim some of the qual- 
ities characteristic of the old lard type. This is a hog which combines 
size with smoothness and quality; one which possesses feeding capacity 
along with sullicicnt disposition to fatten during the growth period. 
The ideal includes also the possession of those traits which are asso- 
ciated with regular breeding performance. It is a type which satisfies 
the need of the fanner for a grosstliy, fast-gaining hog that fattens 
readily', and which meets the demands of the packer for a hog that 
yields well and furnishes cuts of a size and quality that meet the re- 
quirements of the consumcc without necessarily adding to the surplus 
supply of lurd. Uy about 1940 the type pendulum had swung back to 
a point intermediate betsveen these two extremes. 

Typc-slahiliziiig influences. Considerable progress has been made 
in perfecting this inlerniedialc type of hog since 1935. Several agencies 
or influences must be given large credit for the improvements which 
have been made during these recent years. 

1. The Ton-Liner Project (a ton of pork from one litter in 170 or 
180 days), which has been widely adopted by the college extension 
services throughout the country since its inception in 1922, has been 
a most potent factor in molding our conception type. It has done this 
by demonstrating the fundamental importance of large litters and 
superior feeding capacity in the production of our pork supply, and 
the type of hog which performs most consistently in these practical 
essentials. 

2. The Breed-Type Conferences, held annually by a number of 
the National Breed Registry Associations ever since 1937, have con- 
tributed much to the evolution of more sensible type standards. They 
have emphasized in their judging demonstrations the importance of 
giving closer attention in herd selections and show-ring judging to 
those characteristics which are associated with reproductive ability 
and feed lot performance. And when supplemented with the judging 
of market barrows on foot followed by studies of their carcasses in 
the cooler, these type conferences have been the means of bringing 
about a better understanding among breeders of packer and consumer 
requirements. 

3. Another significant development is represented by the adoption 
and promotion by most of the breed registry associations of the AU- 
Breed Production Registry Program, sponsored by the National Asso- 
ciation of Swine Records. This provides the means of giving special 
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two divisions are not so distinct as formerly. The classification has lost 
much of its former significance because the difference between any 
of the so-called lard breeds and the bacon breeds is much less marked 
today that it was prior to 1910. This is the result chiefly of changes 
which have occurred in the so-called lard breeds rather than in those 
of the bacon type. These have been brought about through changes in 
the type of hog demanded by the market and the pursuit of type fads 
by the breeders. 

Changes in the breeder’s type. Radical changes have taken place in 
the ideals of the breeder during the past 40 years. Antedating the 
beginning of this period, the extreme lard type dominated the show 
ring, especially from 1890 to about 1910. This was a hog which pos- 
sessed to an extreme degree refinement and the disposition to fatten 
at an early age. He was thick, compactly built, stood on very short 
legs, and was small to medium in size. Because of this fad for the ultra- 
refined fat type, the utility qualities were pretty much lost sight of. 
The result was a hog which failed more and more to meet the prac- 
tical requirements of the farmer. These demanded greater ability on 
the part of the sows to farrow and raise profitable-sized litters, and pigs 
which were capable of making more satisfactory gains up to a market 
weight of 250 pounds or more. A natural reaction among farmers 
against this type set in soon after 1900 and by 1915 began to be re- 
flected in the decisions of the showring. This ended the reign of the 
refined ultrafat type (see Fig. 75). 

Following 1910 and up to about 1925 the change which occurred 
in the type of most so-called lard breeds was in the opposite direction 
to that which obtained during the period just described. The thing 
sought by the breeder now was more size, growthiness, and prolificacy, 
instead of refinement and quality. The demand for size as an evidence 
in itself of feeding capacity soon became distorted into a demand for 
the ultrarangy type, characterized by long legs, high backs, and lots 
of bone. Thus the “big-type” craze was bom. The demand for this 
type soon so dominated the breeder’s selections that the importance ot 
middle, quality, sufficient disposition to fatten, and ability to raise pig* 
was made secondary or lost sight of entirely. These extreme specimens 
of the big-type fad did not meet either the requirements of the farmer 
or the packer. From the market standpoint Ihey had [oo much bone 
and skin, were too long in the shank, and were likely lo be unfinis ic 
in condition. As a farmer’s hog they were criticized because they m 
not fatten readily, killed too many of their pigs, and were deficien i 
general stamina. And so the tide changed again. 
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Since about 1925 the trend in the breeder’s type has been away 
front this* extreme and toward an ideal which seeks to retain all that 
was good in the so-called “big type” and to reclaim some of the qual- 
ities characteristic of the old lard type. This is a hog which combines 
size with smoothness and quality; one which possesses feeding capacity 
along with sufficient disposition to fatten during the growth period. 
The ideal includes also the possession of those traits which are asso- 
ciated with regular breeding performance. It is a type which satisfies 
the need of the farmer for a growthy, fast-gaining hog that fattens 
readily, and which meets the demands of the packer for a hog that 
yields well and furnishes cuts of a size and quality that meet the re- 
quirements of the consumer without necessarily adding to the surplus 
supply of lard. By about 1940 the type pendulum had swung back to 
a point intermediate between these two extremes. 

Typc-stahilizing influences. Considerable progress has been made 
in perfecting this intermediate type of hog since 1935. Several agencies 
or influences must be given large credit for the improvements which 
have been made during these recent years. 

1. The Ton-Utter Project (a Ion of pork from one litter in 170 or 
180 days), which has been widely adopted by the college e’ciensioii 
services throughout the country since its inception in 1922, has been 
a most potent factor in molding our conception type. It has done this 
by demonstrating the fundantcnial importance of large litters and 
superior feeding capacity in the production of our pork supply, and 
the type of Itog which performs most consislcntiy in these praeiieal 
essentials. 

2. Tile Ureal-Type Canjerences, held annually by a nuniK-r vt 
the National Breed Registry Associations e\cr stnee 1937, h.ive ttm- 
tributed much to the esolulion of more sensible it.jndurd» I hev 
base emphasized in their iudging demonstrativnis ilte nnpMti.n'.^e *f 
giving closer attention in herd selections and sho.,*fing jud'.ii.* M 
those charaeterislies wliieh are assiVuted with repri'd..^ti.e 

and feed lot perforntanee. And wlien supplemented -.:.h il-e 
stf market barrows on fosit folUi-sed st-d.e* sf tr .-.r eii,...-, . : 
the evsoler, these tyiv es’nfere.nees have teen il-: ; ea.".5 ; 

alx.sut a IvUer undentaj'.d..ne ait.-ng breeders <.i p-.srr r..d -■ r 
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recognition to sows and boars which produce litters above a certain 
minimum in number of pigs raised and weight of litter at weaning 
time, the litters of which do not possess certain individual disqualifying 
features, such as one or more pigs with a swirl, hernia, “rigling,” or 
certain disqualifying breed-type features. Here again emphasis is 
placed on production and the type with which it is most generally 
associated.’- 

4. The Market Barrow Show, which now has been given a classifi- 
cation at practically all state fairs, has not only been a source of keen 
interest, but it has functioned as a constant reminder to the breeder 
that the type of hog he breeds should be one which is not inconsistent 
with commercial market requirements. These, with the great national 
shows, such as the Chicago International, Kansas City Royal, and the 
National Barrow Show at Austin, Minnesota, have had a significant 
part in shaping our present improved type of hog and in securing 
among the breeds a uniformity in type which had not existed before. 

These agencies have stabilized and unified our ideals concerning the 
type of hog best qualified to meet the requirements of the American 
pork producer; and their continuing influence gives assurance that the 
industry never again will be plagued with those radical type changes 
which we had during the earlier years. 

JUDGING THE MARKET BARROW 

Conflicting ideas concerning the standard or ideal. There does not 
exist at the present time agreement as to the standard or ideal which 
should be adhered to in the show-ring judging of market barrows; 
there often are observed sharp differences of opinion. One group, 
represented chiefly by the breeders or producers, holds to the view 
that the standard should be represented by the barrow which is the 
most profitable for the farmer to produce; the second group insists that 
the standard should be based strictly on the pig’s fitness to meet the 
requirements of the packer or consumer. The points of disagreement 
have to do chiefly with the type or general conformation, and of the 
condition or degree of finish. 

*The following set of standard production-registry requirements were adopted by 
the National Association of Swine Records in 1945: 

(a) A sow must farrow and raise a roinimuna of 8 pigs to a SS-day littcrweight of 
at least 320 pounds; for the gilt 15 months of age or under at farxow-ing time, the 
56-day litterwcight will be comerted to a sow basis by multiplying by the factor 1.17. 

(b) A boar shall become eligible by siring 5 two-star PR daughters, 10 one-star 
PR daughters, or any combinatioii of one- and two-star PR daughters totaling 10 
stars, not more than two of which arc full sisters; or when he has sired 15 PR Jitters 
from at least 10 diffcrcni dams, not more than two of which arc full sisters. 
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are based s.rSv oJ "^ch 

il,^ nn I prospecuve eut-out value because, it is areued 

n favor sufficiently discrfadnat’ 

To TZ T l T be adnutte™ ffiai 

same approximate weight sell at the 

. ^ usual narrow range of prices, so-caUed packer 

the fa™er"b P u determining the type of hog 

the abifav r T '«tJ> 

caLci V f a '“"Se litters of pigs which possess the 

In or rapid and economical gains up to amarket weight of 180 
o^:)U pounds. No hogman would seriously dispute this conclusion. 

ut in view of the fact that it has been demonstrated that the intcr- 
mediate type is the most efficient in these practical essentials, and since 
e miermediate type of hog when marketed at the popular weight and 
carrymg the right degree of finish or condition also produces a car- 
cass highly acceptable to the packer, it would appear that there is no 
real basis for a conflict of opinions between the breeder and packer 
on the matter of type (see page 118). Although slow-feeding hogs 
sometimes win in barrow shows and carcass contests, the records show 
that most have made gains considerably above the average. The car- 
cass contests have had the effect of modifying the breeder’s type in 
only one respect; namely, they have demonstrated the importance 
of more length of side, and this, if not carried to the extreme, is all 
for the best from the producer’s point of view. 

How much fat should the show barrow carry? With respect to the 
matter of condition or degree of fatness, the carcass contests and re- 
search studies have clearly demonstrated that an amount of back fat 
much in excess of 1.6 inches for a 220-pound market hog, under the 
price conditions which normally prevail, results in a lower proportion 
of the high-priced primary cuts and an excess production of the strictly 
fat cuts and lard; and that an amount much less than 1.5 inches re- 
sults in a lower value for the carcass, due to a decrease in >ield or 
dressing percentage and an amount of fat insullicicnt to ensure the 
desired quality and firmness in the cuts (see page 4S8). Although 
corn is our principal hog feed, and admitting that the chief funciiun 
of the Com Belt hog is to convert com into pork, this does not mean 
that the farmer or breeder can afford to ignore consumer requirements 
by producing ovenveight, overfat hogs for the nurlei. flow ever, v» he.n 



B — The improved meat type; smootbj firm, trim; the type and finish which 
produce the quality of cuts in demand. Grand Champion Hoosier Spring Barrow 
show, 1950. 



C — The bacon type. Champion Yorkshire barrow Chicago International, 
1950. 


Fig. 76. Types of market barrows. 
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A— Carcass produced by Ihe old-fashioned extreme Jard type. 



B — The type of carcass in greatest demand in the United States; produced 
t>y the improved intermediate or meat type of hog. 



C — Illustrating a good bacon carcav^. 

F*R. 77. Carcass types (courtesy, U,S.U.A., Bureau of Ar..nud h..! .ur,). 

is long on corn and short on number of hogs, he \sill ci'tiiuiLc ti> 
produce heavy overfat hogs so long as the rnarLci discount urj lh.» 
^tnd is not too severe. 

It is on this matter of condition, the degree of t>.-' 

show barrow should carr>', that the producer and pucV.r w.-.n to 
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Fig. 78. Grand champion carcass 
at the 1949 Chicago International^ a 
purebred Berkshire, shown by Milo 
V. Wolrab, Mt. Vernon, la. 

a legitimate basis for disagreement. If the chief function of the barrow 
show is to express, so far as possible, consumer requirements, regard- 
less of any other consideration, decisions must be made strictly on 
the basis of prospective killing qualities, which usually means slinrp 
discrimination against those which would produce overfat carcasses 
and those which require wasteful triiiiniing. If, on the other hand, the 
function of the barrow show is to illustrate the kind which the farmer 
considers most profitable to produce, considering consumer demands 
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only to the extent that they are expressed in live-hog market prices 

ttenand “r""® '’‘= overfat Lndi- 

ness PV ’ ""“‘y onderlines and a general lack of firm- 

ness even though this extra fat represents a waste of feed and further 
additions to the lard surplus. 

A suggested compromise. A reasonable compromise between these 
two parties of the industry would seem to be a standard which adheres 
tairly closely to the principle that the barrow show’s first duty is to 
lamiharize the producer with the packer and consumer needs, but 
w ich at the same time makes some concession to the feeder’s and 
reeder’s point of view by accepting a little more fat than is needed to 
produce a Choice No. 1 carcass. Probably some consideration also 
s ould be given by the barrow judge to the legs and pasterns and 
certain other features which contribute to “eye appeal,” such as the 
nair coat, style, and general attractiveness. 

The score card. The score card is the result of the eiforts of the live- 
stock judge to describe in detail the perfect animal. In addition, the 
eiiort is made to assign to each detail a value which correctly indicates 
Its importance when considered in relation to the other details and to 
the animal as a whole. The arrangement of the score card is such that 
a systematic and detailed examination of the animal is facilitated. 
-Blank spaces are usually provided in which the scorer may record his 
ratings for the different “points” or details. 

The score card method of selecting animals or of judging groups or 
classes is not a practical one, owing chiefly to the time required. Its 
pneral use is impracticable also because few are sufiiciently expert in 
Its used to do consistently accurate work with it. But the fundamental 
reason why the score-card result must always be subject to review is 
because a given “point” may be so faulty that its importance in rela- 
tion to the individual as a whole is enhanced far beyond the number 
of credit points assigned to it by the score card. As an e.xpression of 
a standard of perfection and as a means of preliminary study, however, 
the score card has proved itself of great value in leaching the rudi- 
ments of livestock judging to the beginner. 


Discussion of the score card points of the market harrow. 

1. ff'e/g/it (4 percent). The age of the pig must be considered when 
scoring the wciglit. Although the market usually prefers a weight of 
200 lo 225 pounds, from the producer’s or show-ring standpoint the 
heavier a pig is for his age, the better. If he has made a gain from birth 
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Score Card for NfarFrct Barrows 


Staudard, or 

Scale of Points Perfect Score 

GENERAL APPEARANCE — 30 PERCENT 

1. Weight. — Score according to age 4 

2. Form. — Deep, fairly broad, long; evenly arched top line; 

trim, straight underline; compact, symmetrical; stand- 
ing squarely on straight legs of medium length 10 

3. Condition. — Well finished; even, firm, yet mellow cover- 

ing; free from rolls and flabbiness 10 

4. Quality. — Hair smooth and fine; bone of medium size, 

clean, and hard; smooth, refined general appearance; free 
from creases and wrinkles 6 


HEAD AND NECK — 8 PERCENT 

5. Snout , — Medium length, not coarse 

6. Eyes. — Prominent, clear, not obscured by wrinkles 

7. Face. — Clean-cut; cheeks full 

8. Ears . — Medium size, attached neatly 

9. 7ow/.— Neat, firm, free from wrinkles 

10. iVec/:.— Short, full, smooth to shoulders 

FOREQUARTERS — 14 PERCENT 

ll- Shoulders. — Deep, smooth, compact on top 

12. Breast. — Full, smooth, neat 

13. Legs. — Straight, medium length, strong; bone clean, hard; 

pasterns strong, straight; feet medium size, toes together 

DODV — 33 PERCENT 

14. C/icj-L— Full back of shoulders, wide, deep 

15. Sides. — Deep, good length, straight, smooth 

16. Fairly broad, uniform in uidth, strongly arched, 

thickly and c\enly covered 

17. LoiVi.— Thick, strong, same width as back 

18. Belly — Straight, smooth, firm 

HIND QfVKJtKS 15 riRONr 

l‘-^» Long, not steep, wide, evenly tlcshed 

20. — Foil deep, wide, firm ,**‘*V’’i* 

21. Legr — Straight, medium length, strong; bor.e cl.-a". hAr-. 

pastemi strong, straight; feet medium sure, J».<v U'*;.. •• 

Total 


1 

I 

1 

I 


10 




5 


^Pproximalcly of 1 ' i pounds daily he sK’j.’J Jn- --■-n -- 

2 . Furtn (10 percent). Tlic :dcal fu-m .* -- •- 

card. This tvpc cf liaish.-d Ui bario- .» r-*'- i -*-- 
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Fig. 80. Showing points of the market barrow. 


because it will dress out a large proportion of edible meat to offal and 
lard, with a high porportlon of the so-called primary cuts, hams, loins, 
bacon, Boston butts, and picnic shoulders. 

The common faults in the form of the finished fat barrow are lack 
of symmetry and uniformity of width, heavy shoulders, wasty middle, 
and light hams. To the butcher these faults in external appearance 
mean low dressing percentage, a carcass which is heavy in front and 
light in the loin and hams, and excessive trimming in the preparation 
of the cuts for sale. 

3. Condition (10 percent). Because of the low value of lard and 
the demand for leaner cuts, less fat is now wanted than formerly in the 
market hog. Compared with the old standard, he should be moderately 
finished, with a firm and even fat covering. 

The degree of fatness is shown by the general plumpness of the 
individual, and is generally judged by the width or thickness of the 
back and loin. Sufficient fat is required to give quality to the cuts, but 
ovcr-falness should be sharply discriminated against. 

4. Quality (6 percent). The finished barrow should show quality in 
every line and feature. His hair coat should be fine, straight, and lie 
close to the body. The bone should be of medium size, clean, and hard 
in appearance. The head should be light, the features clean-cut, and 
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the ears fine. The skin sliould be soft and healthy and there should be 
no evidence of general roughness, creases, or wrinkles along the 
shoulder sides and sides. 

Quality is important in the market barrow because quality on foot 
indicates fine texture in the meat. It is important also because he can 
be more easily dressed, his yield will be somewhat greater, and less 
trimming will be necessary in shaping up the various carcass cuts. 

5. Head and Neck (8 percent). The butcher is interested in the 
head and neck chiefly because it is cheap meat and mostly waste. The 
less the weight and more refined the features, therefore, the better. 

6. Fore Quarters (14 percent). The shoulders represent the largest 
part of the fore quarters. This is indicated on the score card by the 
large credit of eight points given them. It is particularly important 
that they be smooth and compact on top, join smoothly with the neck 
and sides, and be free from any tendency to roughness or creases along 
the sides. They should be deep also and the breast full and the legs 
wide apart. 

7. Body (33 percent). All parts of the body are important to the 
butcher because together they represent the largest part of the salable 
carcass. A fairly broad, thick, strong back and loin, deep, smooth 
sides, and a trim, straight underline are the features most desired. The 
wost common and serious faults are a heavy paunch and wasty under- 
line, “fish” back, weak loin, and creases along the sides. 

8. Hind Quarters (15 percent). The hams represent the principal 
part of the hind quarters. The rump is part of the ham cut. The width 
of the rump and the thickness of the hams should be the same as the 
width of the back and loin. The hams should not be soft and baggy, 
but long, full, deep, and muscular. They should also be broad and 
wide and well covered in the region of the stifles. 

JUDGING SOWS AMJ BOARS 

The score-card description of the mature sow attempts to describe 
in detail the ideal. This is an individual of the improved intermediate 
type, which belongs to no particular breed, a little larger in size than 
most farmers want. It is a model obtained by combining in one indi- 
vidual the desirable qualities of all our common breeds, irrespcctitc 
of color and other breed-type features. 



9. Jowl 
10. Foot 


1. Ham 
2- Fat back 

3. Loin 

4. Bacon 

Fig. 81. 


5. Spare ribs 

6. Clear plate 

7. Boston butt "I 

8. Picnic shoulderj^^®^^^®^ 

Standard cut of pork, Chicago style (courtesy III. Exp. Sta.). 
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Score Card for (he Brood Sow 


Standard, or 

Scale o! Point's Perfect Score 

*• Size . — Score according to condition and age 10 

2. i/cflif.-— Wide between the eyes; face moderately dished, 

medium in length, refined; typical of the breed 4 

3. Eyes. — Large, prominent, clear 2 

4. Ears . — Medium size, strong Lnuckles; not coarse; typical 

of the breed’ 2 

Neck. — Full, slightly arched, medium length, free from 

creases; blending smoothly with the shoulders 2 

6. Jowl. — Full, firm, smooth, neat; not flabby, coarse, or 

wrinkled 2 

7. Shoulders. — Compact, smooth, deep; blending smoothly 

with the back and sides, well covered 6 

8. Chest or Heart Girth. — Deep, full, large girth 7 

Back and Loin. — Strong, evenly arched; high, square- 

sprung ribs; fairly wide, uniform width; smooth, firm 
covering 13 

10. Sides. — Long, deep, straight with shoulders and hams; 

smooth, free from creases or wrinkles 8 

11. Belly and flanks . — Belly broad, full, neat; a minimum of 

five prominent, evenly placed teats each side; flanks low 

and full 10 

12. Rump and Hams . — Rump wide, same width as back and 

loin, long, full, rounding, sloping gradually from loin to 
tail; hams deep, wide, thick, firm, muscular, smooth; 
stifles well covered; junction of hams low and full .... 8 

13. Legs, Pasterns, and Feet . — Legs medium length, straight 

and set squarely; bone large, clean-cut; pasterns straight, 
nearly upright, strong; toes together, short, squarely 
placed 10 

14. Tail . — Medium size and length, nicely curled, indicative of 

size with quality 1 

15. Coat. — Fine, straight, thick, smooth, glossy, lying close to 

the body, evenly distributed, free from swirls; color typi- 
cal of the breed ^ 

16. Healthy, soft, smooth, free from excessive scurf . . 2 

17. Action and Style . — Action free and easy, legs carried 

straight forward; attractive carriage • • • • ^ 

18. Disposition . — Easy to handle, gentle, active, lively 3 

19. Symmetry or Balance of Points ** 

Total ^0^ 

By making the following substitutions or changes, the above score 
card may be used for the boar: 


2. Head . — Wide between the eyes; face moderately dished, 
medium in length; strong and masculine 
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5. Neck. — Full, slightly arched, short, strong, free from 

creases; blending smoothly with the shoulders 2 

11. Belly and Flanks . — Belly broad, full, trim; rudirnentaries 

numerous and prominent; flanks low and full 5 

20. Testicles . — Medium and uniform in size; symmetrically 

carried 3 

Discussion of the general points of the brood sow. 

In practical judging, the details of the brood-sow score card may be 
grouped appropriately under the following general heads: 

1. Size (15 percent). The size should be judged according to the 
age and condition of the individual. Mature sows in breeding condi- 
tion should weigh about 500 to 600 pounds, and mature boars 600 
to 700 pounds. Sows 18 months old in good breeding condition 
should weigh 425 to 450 pounds, and boars 500 to 550 pounds. A 
good standard for gilts and boars 12 months old in thrifty, growing 
condition is a weight of 350 to 400 pounds. Mature sows and boars 
in show condition usually weigh 150 to 200 pounds more than in 
breeding condition, and yearling sows and boars about 100 pounds 
more. 

Breeding animals should be of good size because the ability of the , 
pig to make rapid gains is determined very largely by the size of its 
parents. Within reasonable limits, the larger the parents the faster the 
gaining capacity of the pig. This is the justification of the 500-pound 
sow in the face of a market demand for a 225-pound pig. 

2. Form (40 percent) . The form also should be judged according 
to the age and condition of the individual. The body should be deep 
and of good length; the back should be strong and well arched, the 
line of arch being regular from neck to tail; the flanks should be low 
and full, and the length of leg medium. The shoulders should be 
smooth and compact; the back and loin fairly broad, showing good 
spring of rib. There should be great uniformity of width from the 
front of the shoulders clear back to the' base of the hams, along the 
middle and bottom line as well as at the top. The heart girth should 
be full and the sides straight and even; the hams should be long, deep, 
wide, and thick. The head and snout should be broad and the face of 
medium length. The eyes should be large, prominent, and clear; the 
neck short and full and joining smoothly with the shoulders on the 
top and along the sides. All these parts should be joined together in a 
manner to give great symmetry and smoothness of form. 

The ideal type or form of the brood sow is the one which best 
qualifies her for the work she has to do. The fonn here described is 
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one which permits of regular breeding habits and at the same time en- 
sures constitution and feeding capacity in the pigs and their ability to 
top the market when sold to the butcher. 

percent). In the mature sow and boar the 
gs should be of medium length, neither too short nor too long. Pigs 
Should appear a trifle more upstanding. The bone should not be fine 
out m^ium to large in size, and clean-cut, hard, and strong in appear- 
ance. The legs should be straight viewed from the side, front, or rear, 
attached squarely at each corner of the body, and particularly strong 
at the hocks, knees, and pasterns. Any tendency to knuckling over at 
he ankles or of crampiness should be regarded as very serious. The 
pasterns should be short and the feet strongly and symmetrically 
shaped. 


Breeders who select for fine bone in their hogs usually lose size, 
constitution, and general ruggedness. And, on the other hand, those 
who value heavy bone as a merit in itself are in danger of sacrificing 
quality, smoothness, and early maturity. Since the ideal hog must have 
size with quality, and ruggedness with smoothness and early maturity, 
the wise course for the breeder to pursue would seem to be one which 
lies between these two extremes. 

4. Condition (10 percent). Show standards place a premium on 
high condition regardless of the fact that injury to the breeding func- 
tions frequently results. The exhibitor should endeavor to meet this 
standard only in so far as it is not permanently detrimental to regular 
breeding performance. The fat covering should be uniform in its depth 
all Over the top from the shoulders back to the fail and down along the 
sides. There should be no tendency to bareness in the region of the 
rump and loin, or to rolls along the foreribs or back. The covering 
should be firm to the touch on top, and there should be no e.xcessivc 
softness or flabbiness in the jowl, along the lower lines and hams. 
High condition is to the credit of the individual only when the fat 


covering is smooth and firm and the weight is carried with ease and 
freedom. The judge is justified in discriminating sharply against exces- 
sive fatness as shown by lack of smoothness, extreme softness, and 
general inability to move about with ease. 

5. Quality and Sniootimess (lOpercent). The indications of quality 
are the same in the brood sow as in the fat barrow. The sow or boar 
whether in thin or fat condition should have a smooth, fine coat of 
hair. Swirls are a disqualification. There should be coniplaie absence 
of any tendency to deep creases, wrinkles, coarse or unhealthy s.in. 



532 ‘ PORK PRODUCTION 

Excessive development of shields in the boar is objectionable. There 
should be no evidence of coarseness or grossness of features about the 
head, the face should be clean, the ears neat, and the jowl light. The 
bone should be clean and hard looking. A little more general refine- 
ment is wanted in the sow than in the boar. 

Quality is desired in breeding stock because of the relation it bears 
to early maturity and killing qualities of the finished market pig. Early 
maturity means the ability to fatten and be ready for market at a com- 
paratively early age. The degree of early maturity wanted is that which 
is just sufficient to guarantee a finished market condition without 
overfatness when the pigs are 6 to 8 months of age. 

Quality must not be insisted on, however, to the point of sacrificing 
size and growthiness. The tendency to do this is not so common now, 
however, as formerly. It seems to be much easier for the breeder to 
secure and maintain a high degree of quality than it does size. Al- 
though it is difficult to maintain ample size in itself, to do this and 
at the same time retain sufficient quality is more difficult still, but 
possible. At any rate, this is the ideal for which all breeders are striv- 
ing. 

6. Sex Characteristics and Disposition (10 percent). It is very de- 
sirable that the sow be feminine and breedy in appearance. This is 
shown by strong development of 10 to 12 well-placed teats, good 
length and depth of side, refinement of features about the head and 
neck, and rather light shoulders. The boar, on the other hand, should 
be strong and masculine, possess normally developed sex organs, 
prominent rudimentaries, and strength in the head and neck. Good 
development of the characters associated with sex is believed by 
breeders to ensure fertile, reliable breeding traits. 

It is a matter of considerable importance that the sow and boar be 
of good disposition. They should be mild and quiet rather than nerv- 
ous, irritable, or cross. Also, they should be active and vigorous rather 
than sluggish, awkward, or unduly lazy. A good disposition is asso- 
ciated with the best feeding qualities as well as being an important 
factor in the number of pigs which the sow raises. 

JUDGING GILTS AND YOUNG BOARS 

In judging young boars and gilts, it is important that they be con- 
sidered as prospective breeders rather than according to the standards 
of type required of mature individuals or finished fat barrows. The 
type of gilt should be preferred which gives promise by her size and 
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form to develop into a large, smooth, roomy sow at maturity. To ob- 
tain this type the mistake should not be made of selecting the short, 
thick, fme-boned kind. The short, chubby gilt which possesses the 
form and finish of a mature sow rarely develops into the type the 
breeder desires. To obtain the kind which will grow out well, prefer- 
ence should be given to those which appear a trifle leggy, compared 
with the type at maturity, and which are large for their age. It is of 
special importance that they be strong in the back, of good length, pos- 
sess the required number of prominent well-placed teats, and be 
squarely placed on straight legs of ample bone. With these, all the 
depth and quality possible should be sought. 

“Blind” teals are inherited. In selecting gilts special attention should 
be given to the number and placement (distribution pattern) of 
sound teats. The ideal is six prominent nipples on each side, with equal 
distances between the respective pairs, and with the first, or front, pair 
well forward. It is surprising how few in a herd will meet this standard. 

Studies by Wentworth,- involving 57 grade Duroc sows and 510 
pigs, showed a distinct tendency for the number of pairs of mammae 
to be inherited. Nordby of the Idaho Station^ from his studies of 
congenital defects in the mammae of swine concluded that inverted 
nipples (blind teats) obviously were inherited, probably as a reces- 
sive. He also determined that inverted nippies could not be extended 
by manipulations. According to Weaver and Bogart of the Missouri 
Station ■* the number of blind, or inverted, teats can be determined at 
birth with an error of less than 5 percent. 

In general these studies and observation suggest that the number 
and distribution of the rudimenlaries of the boar are just as important 
as the number and distribution in the gilt, in affecting the nursing 
quality of their daughters. This fact is most important in selecting 
or judging young boar pigs. 

JUDGING FEEDERS 

The most important point in the selection of feeder pigs is to get 
them healthy, vigorous, and free of parasite infestation or contagious 
disease. Pigs which cough much, have rough coats or mattery- eyes, or 
are gaunt and listless in appearance should bo Itwked on isith suspi- 
cion. A knowledge of the conditions of sanitation and methods of 

'E. N. WcnlMonh, Amriican Vaiura/or. VoL 47. 191J. 

■Julius E. Nordby. ]r. of lirrejuy. VoL 25. IW. 

"L. A. Wesser and Ralrh Bogan. BuL 461. 1»4J. 
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feeding employed on the farm where the pigs were produced is neces- 
sary in order to judge accurately their probable health and feeding 
qualities. 

A second important point is to get the pigs as uniform as possible 
in age, weight, condition, previous feeding, color, and type. Similarity 
of color usually means similarity of breeding and hence uniformity 
in the resulting features of type and early maturity. A load of pigs 
uuiform in age, condition, and method of previous feeding will feed 
more uniformly, reach market weight and finish more nearly at the 
same time, and will sell more satisfactorily when placed on the market. 

The ability of a pig to make rapid gains is largely influenced by 
his form or type. Also, his appearance when finished for market may 
be predicted by that when thin. He should possess the same essentials 
of good conformation demanded of the pig intended for the breeding 
herd, with emphasis on those features which denote vigor and feed- 
ing capacity. He should be broad at the poll, wide between the eyes, 
with a face of medium length. A narrow head and long sharp nose are 
not associated with either good feeding or good killing qualities. He 
should be strong-backed, wide in his spring of rib, and show plenty of 
capacity of middle. A full heart girth and low flanks are indications of 
constitution and gaining ability which should not be overlooked. It is 
of special importance also that he be good in his legs and feet; that is, 
they should be medium in length, squarely set, straight and strong. 

Condition, or degree of fatness, is an important point in judging 
feeders. The most satisfactory feeders, as a rule, are those which are 
well grosvn for their weight, or in other words, are in a thrifty grow- 
ing condition rather than fat. Pigs which have been grain-fed in dry 
lots do not gain as well as those which have been grown largely on 
forage. Forage-fed pigs are usually thinner, .have more “stretch,” are 
glossier of coat, and more healthy than pen-fed pigs. 

In weight, feeder pigs usually range from 65 to 150 pounds, and 
in age from 3 to 8 months. There seems to be no best weight or age, 
although the heavier and older the pigs are, the shorter will be the 
time required to get them to market condition. Although the lighter 
pigs require a longer feed and do not make such rapid gains, they 
make more gain from a given unit of feed consumed. For following 
cattle, the heavier pigs are more suitable. 

As much quality should be secured as possible, provided general 
vigor and constitution arc not sacrified. Quality in feeder pigs will 
ensure a finished condition when market weights are reached and will 
do much to help sell them when ready to ship. 



XX Breeds of Hogs 


Practically all of the more popular breeds of swine in the United 
States today have been developed in this country. The Berkshire and 
the two bacon breeds, the Yorkshire and Tamworth, arc the only c.x- 
ceptions. This is interesting in view of the fact none of our major 
breeds of cattle or sheep and few of our breeds of horses were Amer- 
ican born. During the period of early breed development in thi.s 
country, from 1800 to 1880, the type of hog demanded by the pioneer 
farmer was one which was hardy, able to travel long distances, pos- 
sessed of large capacity to consume com and mast, and with the 
ability to furnish thick, heavy cuts of pork when marketed. The Euro- 
pean breeds did not seem to meet these requirements. 

Foundation of our American breeds. Our American breeds, how- 
ever, were not developed without recourse to foreign stock. They de- 
scend wholly from the importations made during the early periods of 
American history plus extensive additions from 1800 to IS.Sl). Ihere 
Were no native wild hogs on the continent to furnish a found.ilu>ri. 
The “razor-back” is a descendant, gone wild, of hogs imported m.imly 
by the early Spanish explorers.* It is the conclusion of John Ashlon.- 
based on research studies, that the American Indian first t.istcd jHJtk 
in December, 1540 when DeSoto invited the ehief of the C hi.ka^a.. i 
and his nrincinal men lo feast and “ease them hv>g s tiesli to e.ii. 
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large, coarse hog that was heavy in the ear and bone, to the small, 
fine-haired, early-maturing kind. The stock which originally came 
from China, Siam, and Italy was of the latter type. 

From this conglomerate mixture our American breeds were de- 
veloped by selection; some of them exhibiting more of the character- 
istics of the large, coarse kind, and others a preponderance of the fine- 
boned, delicate-fleshed, early-maturing type. Incidentally, also, the 
great variety of genetic qualities contained in the foundation stock is 
what made possible those radical type changes which we witnessed in 
most of our breeds from 1910 to 1925. 

POLAND CHINA 3 

The early Poland China was developed chiefly in the Miami valley 
in Warren and Butler counties in southwestern Ohio during the period 
from 1800 to 1850. This was the richest corn-producing area of the 
time and enjoyed the advantage of being located in close proximity to 
Cincinnati, the pork-packing metropolis of America prior to the Civil 
War. 

The hogs brought into this district by the early settlers from the 
eastern states were mixed in color, breeding, and type. This stock was 
modified by the introduction, around 1816, of the Russian hog, the 
By field, and the Big China, all of which were white in color. The re- 
sult of these infusions, with selection, was a hog that became widely 
and favorably known as the Warren County Hog. The Berkshire was 
introduced in some numbers from 1835 to 1839, its influence resulting 
in a hog of mixed black and white color, and improved quality, sym- 
metry, and early maturity. In 1839 three head of superior hogs, known 
as Irish Graziers, were imported from Ireland. It is generally under- 
stood that no outside blood has been introduced since 1845. 

Breeders who contributed most to the early improvement of the 
breed and who established herds between 1816 and 1840 were the 
Shakers Society of Union Village, a communistic sect, D. M. Magie 
of Oxford, John Harkrader of Springboro, and James Duffield of 
Somerville, all of Ohio. 

The present color of black with six white points did not become 


* In the preparation of this chapter the author has drawn heavily from Vaughan's 
Breeds of Li\e Stock in America, 1946, published by R. C. Adams and Co., and 
Briggs’ Modern Breeds of Livesroek, 1949, published by The Macmillan Company. 
For a much more complete history than is given here, the reader is referred to these 
texts. Other boohs consulted "were: Types and Breeds of Farm Animals, 1920, by 
C. S. Plumb and Snine in America, 1909, by F. D. Cobum. 
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Fig» 82. A Poland China senior spring boar pig which illustrates the type, 
substance, and quality desired in a future herd sire. Owned by Floyd Friedow, 
Kanawha, Iowa (photo by Smith). 
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provement was in the direction of increased quality, refinement, and 
early maturity. This culminated in the “hot-blood” craze from 1900 
to 1910, to be followed later by the fad for the “big-types.” From 
1915 to 1925 breeders’ selections were dominated chiefly by the desire 
for great size. Since then the trend has been in the direction of a more 
conservative type, one which is less extreme in its rangy proportions 
and possessed of more thickness, smoothness, and easy feeding qual- 
ities, namely, the intermediate type (see Fig. 75). 

SPOTTED POLAND CHINA 

Prior to 1880 most of the herds of Poland Chinas were spotted or 
mixed black and white in color. Even after the adoption of the stand- 
ard of black with six white points, many farmer breeders, particularly 
in Indiana, continued to favor the spotted hog. These spotted hogs 
had a reputation for ruggedness, bone, and prolificacy which attracted 



Fig. 84. Spotted Poland China boar .Fashion Plate, grand champion at the 
Illinois and Indiana Stale Fairs in -1949. Owned by Arnold Moore, Walcottville, 
Ind. (photo by Moore). 


the attention of pork producers and resulted later in the breed organ- 
ization. The present spotted Poland descends from this foundation, 
modified subsequently by liberal infusions of the so-called big-type 
Poland. An importation from England in 1 91 4 of a pair of Gloucester 
Old Spots added a dash of variety but did not prove popular ulti- 
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Fig. 85, First prize senior yearling Spotted Poland China sow at Topeka, 
1931. Shown by M. C. Scott, La Monte, Mo. (photo by Smith), 


mately. The official beginning of the breed was the organization of the 
National Spotted Poland China Record Association at Indianapolis 
in January, 1914 . 

The color desired in the Spotted Poland is spotted black and white, 
50 percent each. In addition to descending from animals already re- 
corded, eligibility for registration now requires not less than 20 per- 
cent nor more than 80 percent of white on the body, not including 
head and legs. Although one of the younger American breeds, it is 
well distributed throughout the Corn Belt. Its rapid increase in num- 
bers during the past 25 years especially has been due chielly to the 
success of its breeders in preserving the virtues of the old Spotted 
Poland as expressed in utility standards and to the improvement of 
the old type in quality and smoothness. 

DUKOC JEItSEV 

There is considerable uncertainty concerning the exact eleinent-j 
which composed the foundation stock of the Durtx: Jersev breed It 
reasonably certain, however, that it comlited prineipellv vi e 
of the so-called Jersey Red of New Jersev and the U Ne« 

Vork. The Jersey Reds were Urge. \igorou>. and prul.::.-; ih,- D-r.v. 



Fijj, 87. Senior jcjrling Duroc Jersey sow Proud Fancy, grand champion 
al Ihc los^a State Fair in l'JA9. Shown by Gregor F. hasl.c & Sons, Ujersvilic, 
Iowa (photo by Smiih). 

were more compact, of medium size, and possessed of considerable 
quality. The sandy or red Berkshire of Connecticut also contributed 
a small part to the foundation. It is believed that these strains of red 
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hogs descended from importations of ted Guinea hogs fiom Africa, 
made as early as 1804, the Spanish red hogs from Spain, ana Ihs red 
Portuguese breed from Portugal. Beginning about 1860 these red h sgs 
were systematically blended. Colonel F. D. Curtis of Saratoga C aar.tv 
and William H. Holmes of Washington County, New York, are giccn 
credit for furnishing the leadership which organized the eastern 
breeders and resulted in the adoption of a standard in 1877. Not until 
the breed moved into the Corn Belt did it come to its own, however. 
It was here, beginning about 1880, that the modern Duroc v/as de- 
veloped. 

Breeders who were prominently identified with the early develop- 
ment of the breed in the Middle West were Thomas Bennett and J. M. 
Browning of Illinois; William H. Holmes and William Roberts of 
Iowa; Sam E. Morton and C. E. Mahan of Ohio; Carl Scott of In- 
diana and Amos W. Harris and Son of Kentucky. Somewhat later and 
beginning about in 1900, the following were leading breeders and 
showmen: Ira Jackson, Watt and Foust, and Mahan Bros., of Ohio; 
Ed. M. Kern, John Bader, and Wm. Moderow of Nebraska; McKee 
Brothers of Kentucky; and S. H. Stanberry and Sons of Tennessee. 

According to breed registration figures Duroc Jerseys now out- 
number any other breed. This popularity has resulted from the valu- 
able combination of large size with feeding capacity and ability to 
reproduce. These are the qualities which the farmer regards as most 
important in indicating practical efficiency. The Duroc has had its 
type changes, as has the Poland China, and these have followed closely 
the styles set by the Poland. At present, breeders are selecting for the 
intermediate type. 


CHESTER WHITE 

The Chester White had its origin in the fertile agricultural region 
in extreme southeastern Pennsylvania, mainly in Chester and Dela- 
ware counties. The type of hog found here early in the mnetcent 

century was described as being on the inrge, coarse order, ■/ * / 

with dished face, heavy ear and while color, the result "prinapully o 
a mixture of the offspring of the English Yorkshire, Lincoln 
Cheshire hogs,” which had been imported to this istnct - -i, 

land by the early settlers.^ An importation in 1918 by Captain Jani- 
Jeffries of Chester County of a pair of iihilc pigs from U^u-oru.... e. 
England, is said to have c.xerted a refining imleen.e ca t...- 
■■■■ F. Moore. A Bnct •‘'-S- 



Fig. 89. Alfalfa Toplol 56371 1, grand champion Chester White boar at 
the Iowa State Fair in 1949. Shown by Bob Miller, Blanchard, Iowa (photo by 
Smilli). 
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tion stock. At about the same time Harvey Atwood introduced into 
Delaware County some so-called English China hoes. These -a ere 
short-legged, broad-backed, heavy-jowled hogs, mostly svhite m cc) ir. 
With some black or sandy spots. These helped further to reduce the 
coarseness of the early type and to improve the feeding qualities and 
Mrly maturity. Other early breeders in Pennsylvania were Benjamin 
Hickman, Flehalkey Harvey, Thomas Wood, and Strode Brothers 
E- B. Ashbridge of West Chester was a leading breeder from ISdS 
to 1884. 

The second phase of the breed’s development took place in Ohio, 
particularly through the work of the Todd family, which began m 
1834 and extended over a period of 80 years, Joseph Haskins, Cieorge 
B. Hickman, and L. B. Silver. The strain of hogs developed by the 
Todd family became known as “Todd’s Improved Chc.sler Whites"; 
those by Stiver as “O.I.C.,” or Ohio Improved Chester Whites. 

The Chester White is one of the most popular breeds in Americ.i, 
With a particularly strong following in the northern Corn Belt si.iies 
It has always been a good farmer’s hog. The sows produce and r.iise 
fiood-sized litters, the pigs are easy feeders, and the lim'shed f.it h.ir- 
rows popular on the market. The breed has made a p.iriietil.irly en- 
viable record in winning grand championship honors in the harro-s 
classes at the International Fat Slock Show. Type changes within the 
breed have followed in general those of the Poland China and Dune 
Jersey, although they were not so e.xlreme. 


iIA.Ml*.SIIIItK 



FIk* 91. lilcul MoUcl Diana Ut. aged Hampshire &ow. Grand champion 
at Ihc loss a Slate Fair in 1949. Shossn by H. A, Klecmcier, UocksscU C«iy. 
lovsa fpholo by Smtih). 

rhe Hampshire is one of our younger breeds, but iis rise to popu- 
larily has been rapid. It is well represented throughout the Corn Belt 
and in the Soulh. Its striking color gises it an aitractivc trade-mark. 
From the K-ginniiig ilie breeders have specialized on iiuality and 
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smoothness, and have been ic-s innuenced by type fic'~ t)iai\ have 
those of some of the otlier breeds It is a medium-sized breed, esps- 
cially noted for its fine hair coat, clean bone, neat jowl. lefined head 
features, and prominent eye. Breeders are now seekinij riioie length of 
body and fuller liains. The sows have the reputation of raising a \ ery 
large percentage of their pigs; no breed is more active and none can 
boast of greater popularity on the market. The breed has made a par- 
ticularly strong showing in winning grand championship honors m 
the large barrow shows of the country. 

BERKSHIRE 

The Berkshire is the oldest of our so-called lard breeds and the 
only one of English origin. The English historian Culley wrote in I7S9 








■■■ i'-'' ' viw?;.- , J 

, 1 'j ' ' ■ ■, V **' ‘ ‘ ^ j 

Fig. 92 . Grand champion Berlshirc boar and IcaJins Ore oi chan.p.oa,. 
Epoch’s Champ (courloy American Bcrkihne r(. 


that the Berkshires were more numerous than any other pigs in line- 
land. They were described at that lime as being redJiih-bri).yi. ail 
black spots, large drooping ears, short legs, linu bon«. jn uu 
fatten easily at an early age. Another writer of abooi i..c la.i- i...-'- 
Mid they were large-boned, wiih lurned-up snouie a.ea ^ 

specimens very large. On this stock Chinese, hia:: .-*. a..w 
blood was used with the elleci of rcdccinc siz-. ' J ^ 

and the earlv disposition to fallen. In IS-U i.— . 
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Fig, 93. Aged Berkshire sow, Broadlong Fair Parade, grand champion at 
the Iowa State Fair, 1949. Shown by Kermit L. Houghen, Radcliff, Iowa 
(photo by Snuth). 


sandy or whitish-brown color, spotted regularly with dark brown or 
black, erect of ear, the head, snout, and legs short, and producers of 
superior bacon. Most of this improvement took place in Berkshire 
and neighboring counties in central southern England. 

Early importations to America were made by John Brentnall of 
New Jersey In 1823 and 1832, by Bragg and 'Waite of New York in 
1839, and by A. B. Allen of Buffalo in 1841. By 1835 Berkshires had 
moved into the Corn Belt and had much to do in influencing the type, 
quality, and color characteristics of the Warren County hog of the 
Miami valley, Ohio, progenitors of the Poland China. 

Although the Berkshire is of English origin, much, if not most, of 
its present merit must be credited to the constructive work of the 
following great breeders of the past generation: N. H. Gentry of 
Sedalia, Missouri, Snell Brothers of Canada, I. N. Barker of Indiana, 
and W. E. Spicer and A. J. Lovejoy of Illinois. Most of what is best 
in the breed today traces to Gentry breeding and the great boar Long- 
fellow, farrowed in 1886. 

The Berkshire is not as large as some of the. other breeds, but it 
always weighs heavy for its looks. This is due to the extra length of 
body and firmness. The carcass contains a very high proportion of 
lean meat which, with its good length of side, is responsible for the 
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preference which many American packers have cxprt .sed far she 
breed. No breed is better qualified to meet the present niarkcT d.iiMnd 
or a meat type of hog. The breed has an enviable record m 'he pro- 
duction of champion carcasses and in winning highest honors on fool 
m barrow competitions. The extreme pug nose, which prejudiced m.in, 
farmers against them in the past, is being eliminated It is active, 
hardy, the sows are careful mothers, and the pigs excellent rusticis 

o.i.e. 

The O.I.C, Swine Breeders’ Association was organized at Cleve- 
land, Ohio in 1897 chiefly for the purpose of registering the strain of 









F'g- 94, The O.I.C. boar Ro)al .Monarch, a so.n of Kojal I'li.,,- 11 
Grillilh O.I.C. harinv. Grccnvilic. Hi 
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Both parents must be recorded in order for a pig to be eligible for 
registration. 

The O.I.C.’s as now bred and shown appear fairly distinct in their 
type and head and ear features from the Chester Whites. They are 
smaller in size, relatively longer in body, and shorter of leg. Also, 
O.I.C.’s have a shorter snout, more dish to the face, and heavier ears. 
As a rule, they lean rather more toward the old-fashioned fat type 
than to the modern intermediate type. They are prolific, easy feeders, 
and do especially well in confined quarters. 

HEREFORD 

Mr. R. U. Webber of LaPlata, Missouri, who began breeding about 
in 1902, is credited with being the father of the Hereford breed of 



hogs. According to Webber the foundation consisted of “a cross of the 
white and red stock of the Duroc, Chester, and O.I.C.’s and a peculiar 
blood strain.” “ His idea was to create a compact, easy-feeding, quick- 
maturing type of hog with the color pattern of Hereford cattle. 

Early development of the breed was brought about chicHy through 
the work of John C. Schulte of Norway, Iowa, Leland and Walter 

• A. J. Way, See., TJie Or/gin and DexelopMcnt o/ the Hereford Hog, 1940. 




stock was composed of large white hogs, with black or bluish spots on 
the skin, with heavy bone, very large drooping ears, long legs, and 
narrow backs and loins. This stock was improved by selection and 
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infusioa of the blood of the Leicester pig, a white breed created by 
Robert Bakewell and noted for its quality and easy feeding traits. In 
England and most other countries the Yorkshire is known as the Large 
White. The Middle White is a thicker, shorter bodied hog which was 
developed in England by the use of Chinese stock on the Yorkshire. 

The Yorkshire is generally regarded throughout the world as repre- 
senting the standards of bacon excellence. NoTtreed appears to be so 
indispensable in England, Scotland, Ireland, the Scandinavian coun- 
tries, and Canada, where bacon production for the English market is 
specialized in. They were imported into the United States at a com- 
paratively early date and now are fairly widely distributed throughout 
the Corn Belt. They are especially popular in Minnesota, Wisconsin, 
and Michigan. The trend toward a less lardy hog has caused many 
farmers to look on them with favor. The Yorkshire produces carcasses 
of unsurpassed quality and leads all breeds in its ability to raise large 
litters. Also, according to studies made by Shaw of the University of 
Saskatchewan’ the breed leads all others in number of ribs. 

The records available indicate greater milk-secreting capacity 
than is possessed by any other breed. Mated with the right type of boar 
of any of our American breeds, the Yorkshire sow produces pigs 
which arc excellent feeders and immensely popular with the packer. 

TAMWORTH 

The Tamworth is also a bacon breed and, like the Yorkshire, was 
developed in England, although the foundation is said to have come 
from Ireland in 1812. The original stock was described as being of a 
dark red color, very lean and active, slow to mature, with very long 
legs and snouts, and shallow bodies. Improvement was brought about 
by selection of the foundation material and the introduction at an early 
date of some Yorkshire and Berkshire blood. The breed seems to have 
been slow in winning popularity in England, and it was not until about 
18,80 that its characteristics became fixed by selection. * 

Tamworths were first introduced into America in 1882 by Thomas 
Bennett of Illinois, and to Canada, soon after. Although not as nu- 
merous as our so-called lard breeds, it is fairly widely distributed 
throughout the Corn Belt. The breed is especially noted for its smooth 
shoulders, deep smooth sides, and c.xcclicnt carcasses. They appear to 
be longer of leg tlian the Yorkshire, and not so long of body; the snout 
is long and the face only slightly dished. Tlic sows arc exceptionally 

' A Nf. Shaw, Sci. Asr.. Vol. X. No. I. 1929. 
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. ^*8- 97. Senior yearling Tamworlh sow TuscawiJIa Victory 15th. Grand 
ampion Indiana State Fair, 1950. Owned by TuscawiJIa Farm, Hagerstown, 
na. (courtesy R. H. Waltz), (photo by Moore). 


prolific and the pigs unsurpassed foragers. The color may vary from 
golden to dark red; numerous black spots as well as curly coats are 
considered objectionable. The ears should be carried fairly erectly. 
Swirls disqualify for registration. 

SOME NEW BREED CREATIONS 


Minnesota No. 1. Practically all of our more common breeds of 
hogs were developed from foundations representing many diverse 
types add mixtures of breeding. The Minnesota No. 1 is an exception 
>tl that it descends wholly from 14 selected individuals of the Danish 
Landrace and Tamworth breeds: 8 Tamworth females, 4 Danish 
Landrace females, and 2 Danish Landrace boars. Only 6 of the origi- 
fal 14, however, contributed to the development of the breed. These 
original crosses were made in 1936 and 1937 at the North Central 
Experiment Station of the University of Minnesota under the direction 
of Dr. L. M. Winters and associates of the University of .Minnesota 
as a coordinated project with the Regional Research Sssine Breed- 
'ng Laboratory. 

The goal as stated by Winters “ was "to combine as much length 


‘L .\I. Winters, R. E. Comstoct. and D. L. Djilc). "IT-.e Dc.et-f el r.s 
nbretl Line of s»ine (.Minn. No. I) from a Crossbred Foi-cjrtioa. Ir of ,lir 0... 
tl, N’o. 2. 1943 
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Fig. 98. Minnesota No. 1 giit (courtesy Dr. L. M. Winters). 


of body and plumpness of ham of the Landrace with the red color, 
prolificacy, and milking ability of the Tamworth and at the same time, 
if possible, bring out through recombination of genes an accumula- 
tion of still other desirable characteristics of the two breeds. In this 
case rapid and economical gains were sought after.” The expressed 
purpose was to produce an inbred line that would prove valuable for 
crossbreeding. 

Following the original cross with a limited number of back crosses 
subsequently, a program of rather intensive inbreeding with rigid 
selection for fertility and feed-lot performance was followed for a 
period of about 6 years. As a result the individuals of the breed, espe- 
cially those in the foundation herd, are remarkably uniform in their 
type, color, and performance. 

The Inbred Livestock Registry Association was organized in 1946, 
with L. M. Winters of the University of Minnesota as secretary, for 
the purpose of registering Minnesota No. I’s and other similar breed 
creations. To be eligible for registration an individual must be the 
progeny of a sire and dam which trace their entire ancestry to animals 
developed and recorded by the University of Minnesota as Minnesota 
No. Ts, and which possess the individual characteristics typical of the 
breed. 

The Minnesota No. 1 is red in color with some black specks or 
spots. The body is longer and the legs shorter than in most of our 
older breeds. The face is only moderately dished, the snout is rather 
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long, and die jowl very Irini. The cars appear I.nge, and dioop for- 
ward. 

Records of tlic foundation herd give them a high i.-iiiug in piohfi- 
cacy, feed-lot performance, and carcass quality. Boan of the breed 
have been rather e,xtcnsively and successfully used tor crossing on 
other breeds for the production of market hogs. 

iMiniicsota No. 2. This breed also was developed by Dr. L. M Win- 
ters and associates of the Minnesota Experiment Station as a project 
of the Regional Research Swine Breeding Laboratory. The founda- 
tion consists of the progeny produced by the cross of a superior 



Fig. 99. Minnesota No. 2 boar (courtay Dr. L. .1/. li'/Mi-rO. 


Canadian-bred Yorkshire boar on 13 Poland China sows belongine 
lo two different inbred lines in 1941. By interniating the indisidu.ils 
of the first and second generations, svith some back crossing, some de- 
sirable combinations of characters were obtained. .A. program ot raltier 
close inbreeding with rigid selection for utility characters was to - 
lowed thereafter. . , , , 

The color is black and white. They are longer in !eg and lar er ... 
size than the Minnesota No. I’s- .Also, the face has mor- e.s. . . - 
snout is shorter, and the ears are smaller and earned tner- e...-.’ 
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Only those individuals that trace their entire ancestry back to the 
University of Minnesota’s foundation herd are eligible for registration 
in the Inbred Livestock Registry Association. 

HAMPRACE (MONTANA NO. 1). 

This is a solid black breed developed by Hutton and associates of 
the Montana Experiment Station and the U.S. Bureau of Animal In- 
dustry ^ at the U.S. Range Livestock Experiment Station, Miles City, 
Montana. The foundation was produced by a cross of two solid black 



Fig. 100. A Hamprace (Montana No. 1) sow and litter (courtesy Dr. John 
H. ZeUer and the Bureau of Animal Industry, U.S.D,A,), 


purebred Hampshire boars on five Danish Landrace sows, and later 
back-crosses involving one Hampshire boar and five Hampshire sows, 
and two Landrace boars and five Landrace sows. The original cross 
was made in 1936. 

Following this, a program of rather close inbreeding with selection 
for a solid black color, prolificacy, good feed-lot performance, anti 
carcass quality was pursued. In 1948 the breed was recognized by the 
Inbred Livestock Registry Association and registered under the name 
Montana No. 1. To be eligible for registration animals must have an 
ancestry all of which trace back to the foundation herd. Animals also 
may be registered as Hamprace in the Hamprace Swine Breeders’ 

•R. E. Hutton. J. R. Quesenberry. J. H. Zcllcr, and R. L. Da\is, The Haitiprjce 
IloSt Mont Agr. Exp. Sia., Bui. 454, 1948. 
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Association, West Lafayette, Indiana, which was organized in 


SWINE BREED REGISTRY ASSOCIATIONS 

Below arc listed the swine registry associations in the United States, 
‘“Scfhcr with the names of the present (1951) secretaries and their 
addresses. Also, there is included the number of animals registered by 
each breed in 1950, as reported by the Breeder’s Gazette of March, 
1951. 

Duroc Jersey. United Duroc Record Association, Duroc Bidg., 

Eoria 3, III.; Sec., B. R. Evans; registrations 121,195. 

Hampshire. Hampshire Swine Registry, 1111 Main St., Peoria, 111.; 
registrations 72,931. 

Spoiled Poland China, (a) National Spotted Poland China Record, 
3153 Kenwood Avc., Indianapolis 8, Ind.; Sec., Fred L. Obenchain; 
registrations 47,782. (b) American Spotted Poland China Record, 
Moberly, Mo.; Sec., Van G. Sutliff; registrations not reported. 

Poland China. Poland China Record Association, 501 East Losey 
Galesburg, 111.; Sec., C. G. McCahan; registrations 32,789. 

Chester Whites, (a) Chester White Swine Record Association, 
Rochester, Ind.; Sec., Levi P. Moore; registrations 25,835. (b) Breed- 
ws Chester White Record Association, Coin, Iowa; Sec., James M. 
Henderson; registrations approximately 5,000. 

Berkshire. American Berkshire Association, 601 W. Monroe St., 
Springfield, 111.; Sec., H. L. Brant; registrations 24,793. 

O.I.e. (a) OIC Swine Breeder’s Association, lllVz S. Main St., 
Goshen, Ind.; Sec., Harry C. Miller; registrations 15,503. (b) O.I.C. 
Swine Record Association, Box 373, Rt. 1, Brookville, Ohio; Sec., 
Jane Roper; registrations not reported. 

Yorkshire. American Yorkshire Club, Wallace Bldg., Lafayette, 
Ind,; Sec., E. Robert Shannon; registrations 15,305. 

Hereford. National Hereford Hog Record Association, Chariton. 
Iowa; Sec., Albert L. Hyzer; registrations 6,898. 

J'amworth. Tamworth Swine Association, Hagerstown, Ind., Sec., 
Ralph H. Waltz; registrations 3,572. 

^iie Inbred Livestock Registry Association, University Farm. St. 
Raul, Minn.; Sec., Lawrence M. Winters; registrations: .Minnesota -No. 
I'2,873;MinnesotaNo. 2 , 657; Montana No. 1 (Hamprace) 5SS. 

Hamprace (Montana No. 1). Hamprace Swine Breeder’s Associa- 
hon, 907 Vine St., West Lafayette, Ind.; Sec., William H. 5 aw; rego- 
•retions not reported. 
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Essex. American Essex Swine Association, 1335 East 2nd St., 
Muscatine, Iowa; Sec., Mrs. J. J. Lighthall; registrations not reported. 

Mulefoot. National Mule Foot Hog Record Association, DeGraff, 
Ohio; Sec., G. C. Kreglow; registrations not reported. 

Kentucky Red Berkshire, Kentucky Red Berkshire Swine Record, 
303 Stanford St., Lancaster, Ky.; Sec., Hogan Teater; registrations not 
reported. 
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Breeding 


The function of the breeder of purebred hogs is to produce seed 
stock that will improve the general run of market hogs. Measured by 
e standard of average merit in our commercial hog supply today, 
3s contrasted with the production of 50 years ago, his contribution 
been an impressive one. To make possible a' better understanding 
the methods employed by the constructive breeders of the past, 
and possibly to suggest the means available for further improvement, 
there will be considered briefly in this chapter the facts and principles 
of reproduction and heredity as now understood and the application 
Or bearing which these facts have on the methods and practices of the 
breeder and pork producer. 


THE LAW OF HEREDITY 

The process of reproduction. Every pig has his origin in the union 
of two germ cells, one produced by the sire and one by the dam. 
J^hen these two germ cells, male and female, unite, a new individual 
IS born. This process is called fertilization, the successful completion 
of which marks the real birth of the individual. 

The female germ cell is called the egg or ovum (plural, ova), and 
the male germ cell, the sperm or spermatozoon (plural, spermatozoa). 
About every three weeks during the breeding seasons the sow, if 
vigorous and in breeding condition, produces and ripens a number of 
eggs, usually from 15 to 20. These are produced by special organs, 
the ovaries, situated in the region of the loin. When the eggs arc 
ripened, they drop into the upper end of the Fallopian tubes and. 
through gravity and the ciliary motion of the lining membrane celK, 
finally reach the womb or uterus. The outward manifestations of these 
functional activities are called “heal.’* 

The male germ^cells or sperm arc secreted by the testes, the active 
part of the testicles, which correspond in function to the ovaries vt 
the sow. For cveiy- egg produced by the sow, the boar produee^ scs- 
jj7 
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eral million sperm. Miller of the University of Missouri ^ found when 
ejaculations were made at intervals of 48 hours or longer, that the 
semen volume remained above 200 cubic centimeters and the total 
number of sperm per ejaculate in excess of 20 billion. With more fre- 
quent ejaculations, the number of sperm ranged as low as 2.7 billion. 



Fig. 101. Spermatazoa of the boar. Magnified 1,200 times (courtesy Dr. Fred 
F. McKenzie and Mo, Exp. Sta.). 


The female germ cells are relatively large compared with the male 
germ cells or sperm. Although too small to be visible to the naked 
eye, the eggs are several thousand times larger than the sperm. 
The sperm are extremely minute, measuring j4o of a millimeter 
in length, which would require that 483 be laid end to end to 
measure 1 inch. The large size of the egg compared with the sperm 
does not mean that the sow has a larger influence than the boar in 
determining the hereditary character of the pig, but only that the food 
supply (egg yolk) necessary to sustain the life of the fertilized egg 
until conception has been completed is carried in the egg. 

The shape of the egg is spherical, while the sperm is elongated, 
consisting of a head, middle, and tail piece, very much resembling a 
tadpole in appearance (see Figs. 101 and 102). While the egg is pas- 
sive, the live sperm is active and capable of locomotion. This is ac- 

> James C. Miller, The Reproducliic Organs and Semen of the Boar, Phd. Tlicsis. 
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^28 of the sow, one*ce1l stage, obtained from sow two days after 
hru ^^sgnified 1,200 times (Hcuser and Streeter, Contributions to Em- 

yoiogy, 109 ^ 1929, Vol. XX, Carnegie Institution of Washington). 

complished by the rapid vibrations of its tail-Iike appendage. There 
®ing in a normai breeding service millions of sperm for each egg pro- 
uced by the sow, the sperm which are most active and get to the eggs 
hrst are the ones which fertilize them. Only one sperm ever unites with 
egg under normal conditions. 

Before the eggs can be fertilized it is necessary for the sperm to 
travel a distance of 4 to 5 feet. From the uterus or vagina, where the 
semen is deposited in breeding, the sperm must traverse the uterus, 
the horns of the uterus, and the greater part of the Fallopian tubes. 

cKenzie reports that the sperm reach the middle of the Fallopian 
|ybes in about 3 hours after breeding, and the extreme upper end in 
' Since the eggs normally are discharged from the ovaries tlur- 

ttg the latter end of the heat period (see page 9 ), the sperm and 
tggs meet and fertilization is accomplished in the upper portion of 
the Fallopian tubes. 

After the eggs are fertilized they pass down the Fallopian tubes and 
md permanent lodgment on various areas of the lining membranes 
the horns of the uterus. Conception is completed ^vhen each egg has 
taken root, as it were, and established for itself a sourec of nourish- 
ment with the mother. More than a week is required after fertilization 
'°f the completion of this important step in reproduction. Cell dm- 
iion or growth begins immediately follossing fertilization, made ;»>ssi- 
hw by the food yolk of the egg and the secretory Iluids of the Fallopia-n 
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Fig. 10^3. Genital organs of the boar (courtesy, Dr. Fred F. McKenzie and 
James C. Miller and Mo. Exp. Sta.). 


tubes. Each individual egg grows in size and divides into two; each of 
these in turn absorbs nourishment, grows in size and divides into two, 
so that where at first there was the single fertilized egg ce2i, there are 
now four cells. This change, called cell division, underlies all normal 
growth processes. Following conception, this process of cell division 
continues until the embryo develops to the point where, in about 114 
days after breeding, birth takes place. 

Attention has already been given to the fact that no more than two- 
thirds of the fertilized eggs normally survive to farrowing time. Some 
probable causes for this heavy mortality during the prenatal life of the 
pig are discussed in Chapter V, page 117. 

“Like begets like.” Within each germ cell resides the hereditary 
material (genes) which is being passed on from parent to offspring. 
Although these cells are so minute as to be invisible, the extraordinary 
fact is that they contain every particle of hereditary matter, every in- 
fluence, which the parents contribute to the unborn pig. The pig in- 
herits nothing which he does not receive in these two germ cells, one 
supplied by the sire and one by the dam. 
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When the male and female germ ceils unite to form the fertilized 
egg, there is consequently a union of the hereditarj’ qualities con- 
tributed by the boar and sow. Since each germ cell carries a full set 
of characters (genes), it follows that the fertilized egg, ana coiicsc- 
quently the new-born pig, is double or dual in nature. In some of ht.s 
characters the pig may resemble the sire and m others the dam, ,ii 
some features he may bear an unmistakable resemblance to ,iii an- 
cestor farther hack in his pedigree. Speaking in general terms, it ni.iv 

e said that the hereditary makeup of the pig, his color, set of e.ir, 
feeding qualities, vigor, and in fact every character, is the result of 
the combined hereditary influence of his entire ancestry. 

This resemblance between the individual pig and his ancestors is a 
result of the operation of the law of heredity that “like tends to beget 
like.” By this law every living thing reproduces after its own kind and 
IS responsible for the faith which the breeder has in the saying "blood 
Will tell.” 

Variations. Although . prepotent breeding animals transmit their 
likenesses to their offspring with remarkable faithfulness, it is also 
true that many and wide variations occur among individuals even of 
identical breeding or ancestry. This is well illustrated by the vari.itions 
eommoii among the individuai pigs of the same liner, raised together 
end fed from the same trough. Although heredity impresses or ensures 
e strong family resemblance, it docs not operate in a manner 10 e.s- 
elude dilTerenccs or variations. 

Variations among individuals of the same or identieal ancestrs' are 
of two kinds: first, hereditary variations, and second, s.iri.itions due 
>o differences in the environment or the conditions under uliich the 
individuals were developed. 
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process of fertilization, following breeding, the chances for variations 
among the pigs which develop from these eggs are still further mag- 
nified. If variations are reasonable among pigs of the same ancestry, 
it is obvious that pigs of dissimilar parentage, for the same reasons, 
would normally present even greater variations. 

Variations of this kind are of fundamental importance to the 
breeder because without them selection would be without effect and 
improvement impossible. It was through the selection of the desirable 
hereditary variations and their correct combination in mating that all 
breed improvement has been brought about. Observations of the 
breeder have shown that some variations are desirable and some un- 
desirable, the larger number being undesirable. There is always the 
tendency in purebred herds for the offsprings to be inferior to their 
parents. In other words, pigs produced by prize-winning parents are 
not so good, on the average, as the parents themselves; a few may be 
better, but most are inferior. An appreciation of this fact on the part 
of young breeders will ensure less frequent occurrence of disappoint- 
ing results. 



Fig. lot, A crossbred Berkshire- Yorkshire sow with a litter of pigs by 
a Berkshire-Yorkshire crossbred boar. The color of the black pig represents 
a reversion. 


Variations due to (he environment are not inlieritcd. The second 
kind of variations are those which result from. differences in the con- 
ditions under which the individuals have been developed. They are 
sometimes called acquired characters. Variations of size and vigor 
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which result from differences in feeding and care are most common. 

wo pigs may have an inheritance equally good, but if one is raised 
in a dry lot on com and water, while the other has the advantage of 
a anced rations, a sanitary environment, and plenty of e.xercise, dicrc 
will be a marked difference between them at maturity. Likeuise, pits 
irom well-developed parents of the best of breeding if not properly 
eveloped will show a wide variation from their sire and dam. These 
are not due to any difference in inheritance, but rather to the fact that 
m one case the hereditary possibilities had the chance to develop, 
w lie in the other they did not have this opportunity. In order to pro- 
ace good hogs the breeder must not only produce pigs which possess 
good inheritance, but he must also give them the conditions which 
wi 1 promote and make possible the full development of these possi- 
ihes. In the practical sense, the breeder who is not a good feeder 
and caretaker cannot succeed. 

Variations which result from differences in feeding and manage- 
however, are not transmitted to succeeding generation.s. The 
ect of good development on the individual docs not iniproM: or 
Jinge in any way the hereditary content of his germ cells, but is 
emporary and limited to the individual alone. The importance of good 
ceding in the development of a young boar is not that he ma> be able 
get pigs which have more size and better feeding qualities, but 
c itcfiy to test his own hereditary possibility in this particular Inci- 
cnially be ^ more vigorous breeder and posiCiv an inJividu- 

^ *ty which is an asset to the herd. A boar which has the natural jhilny 
respond to good feeding is more certain to get pig"* of ihi> Viiicl than 
which did not inherit this capacity. Good dc\cIopriient of hre^d-n * 
^toclc is of fundamental importance, therefore, becauic ic an a.J to 

accurate selection. 



5G4 


PORK PRODUCTION 


0 % Yorkshire 
H Berkshire 


OQC# 


j^O Yorkshire 

Yorkshire 
H Berkshire 


[Q Yorkshire 
^ Berkshire 


b % Yorkshire 
H Berkshire 


^(3 Yorkshire 

^ ^ Yorkshire 
. * Yi Berkshire 


I (3 Yorkshire 
Berkshire 


Fig. 105. Illustrating the principle of reversions. 


In Fig. 104 is shown a white sow with her litter of pigs which in- 
cludes one black one, a reversion. The sire of these pigs was white like 
the dam, but both were crossbreds, the result of mating a Berkshire 
with a Yorkshire. In this instance the black color skipped but one 
generation. The principle of all variations of this kind is illustrated in 
Fig. 105. 

The original mating in this diagram was a cross between a Berk- 
shire and Yorkshire. Tests show that ail pigs produced by such matings 
will be white like the Yorkshire parent. These crossbred white pigs 
are then mated with a pure Yorkshire boar, and again all the pigs are 
white. If these white pigs, which in breeding are considered as three- 
fourths Yorkshire and one-fourth Berkshire,' are now mated to a 
boar of the same breeding, as illustrated in the diagram, the chances 
are that some of the pigs will be black. In this case the character black 
was not expressed in the immediate parents or grandparents, but was 
shown in two of the eight great grandparents. 

The appearance of this black pig, as in the case of all such rever- 
sions, does not represent an exception to the law of heredity that “like 
begets like”; rather it is proof or a guarantee of it. Although the pigs 
produced by the first Yorkshire-Berfcshire mating were all white, so 
far as their breeding or hereditary quality was concerned they were 
as much black as white. The black did not show in these crossbred 
pigs because the white dominated over it. The black, in other wor 5, 
was present but in a latent or hidden condition, illustrated in wc 
diagram by a dash below the circle. It was present in some of the pigs 
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also of the next generation, so that in the succeeding generation when 
two of these white pigs, each with black latent, were mated some of 
the pigs were black. 

What is true of color is true also of the hundreds of other characters 
making up the individual. A character may be latent or covered up, 
as it were, for any number of generations and then make its appear- 
ance. When two animals are mated each of which has the same char- 
acter latent, some of the offsprings, if the number of offsprings is suffi- 
ciently large, according to the laws of chance, will show the character 
developed. 


Incidentally these facts make plain the important principle that the 
individual appearance of an animal only partially or imperfectly repre- 
sents his breeding possibilities. In other words, the individuality of an 
animal is not altogether a safe criterion of his breeding ability. It also 
explains why two individuals with exactly the same pedigree may 
differ materially in breeding qualities. The older a breed, or the more 
carefully it has been bred within certain lines, the fewer will be the 
number of latent characters present. Reversions, or the appearance of 
the unexpected, become less frequent, therefore, in old well-estab- 
lished herds than in those in which outcrossing or crossbreeding has 
been resorted to. 


Prepotency. As understood by the breeder, prepotency is the ability 
of an animal to impress on his offspring his own characteristics to the 
exclusion of those of the other parent. It is the ability of the individual 
to ‘breed on.” Because the sire is more depended on than the dam in 
livestock improvement, prepotency is sought in the sire rather than 
tn the dam. A prepotent sire is the cornerstone of all herd improve- 


ment. It is desirable in the sire used for the production of grade stock 


and of supreme importance in the head of a pure breed herd. 

Observations show that prepotent animals are usually tlie product 
of rather close breeding, or, in other words, the result of selecting 
animals within rather narrow limits of type and pedigree. As shinui 
by experimental studies, the result of such selection is that tlie germ 
cells produced by the boar or sow will be more alike in their iiereditary 
qualities and, further, that there wiii be fewer ditlerenees between 
the hereditary qualities of the sperm on the one h.ind and tiie egg' rm 
Ihc other. Pigs resulting front the union of sucfi ger.m ceils ■.sill Iv 
prepotent when mated with individuals the result of diserse g.r.-n cci.'s 


•lie result of mixed breeding. Line- and inbreeding have li:e pra-u-al 
clleci, therefore, of intensifying the hereditary qualities and he.'i.e 
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securing prepotency in the animals so bred. Scrub animals which are 
the result of scrub ancestry are prepotent in the qualities of the scrub, 
just as superior specimens are prepotent in their desirable characters. 

Relative influence o£ the sire and dam. As a general rule, it may be 
said that the sire and dam are equal in the influence which each exerts 
on the characteristics of the offspring. That is, so far as sex is con- 
cerned, they are equal from the standpoint of heredity. As has been 
seen, the sire contributes a germ cell to the fertilized egg, and the 
dam furnishes a germ cell. Furthermore, each one of these germ cells 
contains a complete set of characters (genes) for the new individual. 
Some of the characters of the sire may dominate those of the dam, 
and with other characters the reverse may be the case. With many 
characters, the result is an apparent blend, or intermediate, between 
the sire on the one hand and the dam on the other. The question 
whether the black of the boar will dominate the white of the sow is 
not a matter of sex, but of the character. If one parent is more inten- 
sively bred as a result of line- or inbreeding than the other, it will for 
this reason be more prepotent, independent of any influence of sex. 

SYSTEMS OF BREEDING 

The two common systems followed in the production of market 
hogs are upgrading and crossbreeding. A third kind is the one em- 
ployed in the breeding of purebreds eligible for registration in the 
records of some breed association. 

Upgrading. The quickest, cheapest, and surest method of improving 
farm herds is by a system of upgrading. It is the method best adapted 
to those farms which do not already have purebred or pedigreed herds. 
By upgrading is meant the mating of common grade sows with a pure- 
bred boar of the same breed,, continuously generation after genera- 
tion. In effect it means the elimination of the scrub or grade boar. 
Successful upgrading implies that the purebred boar selected is a good 
individual and that only the best gilts of each pig crop are retained 
for breeding. 

As illustrated in Fig. 106, the rate of improvement in upgrading 
is rapid and its results certain. The first cross with a purebred sire pro- 
duces pigs which are one-half pure. When the gilts of this litter arc 
mated with a purebred sire, the result is a litter three-fourths pure in 
breeding. The third top cross produces pigs seven-eights purebred, or 
very high grades, and the next cross is fifteen-sixteenths pure. For 
feeding and market purposes, the high-grade pig is practically the 
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equal of the purebred. For breeding purposes, however, the high-grade 
oar often proves disappointing. 

As illustrated by the diagram, improvement in the upgrading proc- 
ess IS at first rapid and then more slow with each succeeding genera- 
hon. The degree of improvement effected by the first cross with the 
purebred sire is twice as great as that effected in the second genera- 
hon; and in the third generation the degree of improvement is only 
one-half what it was in the second. Improvement in succeeding gen- 
erations becomes more and more imperceptible as the high-grade 
oniales approach in merit and breeding the purebred sires empIo>ed 
^ois illustration makes plain the important principle that the more 
nearly a herd approaches in excellence the ideal, the more difficult 
J^ocs further improvement become. It is easy to improve a mediocre 
herd, but extremely difficult to better or even to maintain a highly im- 
proved one. 

Upgrading is economical because the sire mates \iiih the enure 
fcniale herd and his inlluencc consequently extendi to the entire pig 
•^rop. The influence of the sow, on the other hand, is limited to a fe^. 
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Due to the fact that the increased cost of the purebred boar over the 
scrub or grade boar is thus distributed among a very large number of 
pigs, the resulting cost of improvement is extremely low. There is no 
plan or system of breeding so well adapted to the needs of the average 
farm herd as upgrading. 

Crossbreeding. By crossbreeding is generally understood the mating 
of two purebred individuals which belong to different breeds, as the 
use of a Poland China boar on Yorkshire sows, or a Hampshire boar 
on Duroc Jersey sows. The mating of a purebred boar of one breed to 
grade sows of another breed is also referred to as crossbreeding. 
Fundamentally, crossbreeding means the mating of individuals of dis- 
similar type or breeding. In this sense it is correct to speak of crossing 
one family or strain with another family or strain of the same breed. 

Experiments and observation generally have shown that cross- 
breeding has the effect of increasing somewhat the vigor and feeding 
qualities. This is known as hybrid vigor or heterosis. Another possible 
advantage is the opportunity which it affords of selecting the sows 
from a breed and of a type known to be unusually prolific and good 
milkers and the use on these of boars possessing the type which will 
ensure sufBcient feeding qualities, early maturity, and market qualities 
in the pigs produced. 

Something new in crossbreeding. Attention will be given here to the 
rather extensive series of crossbreeding experiments which have been 
conducted by Winters and associates of the Minnesota Station.^ These 
began in 1928 and covered a period of 6 years. Records were ob- 
tained on 49 different lots composed of 1535 pigs. The experimental 
data obtained furnish information on farrowing results, the record of 
the pigs during the nursing period, and the rate and economy of gains 
from weaning to market, as affected by the following types of matings: 

1. Purebred. The breeds represented were Poland China,, Duroc 
Jersey, Chester White, and Yorkshire. 

2. First-cross. These were represented mainly by Poland China X 
Duroc Jersey, Chester White X Duroc Jersey, and Yorkshire X Duroc 
Jersey. 

3. Three-breed cross. These were produced by mating first-cross 
gilts to a boar of a third breed. 

4. Backcross, or crisscross. Pigs of this breeding were produced by 
mating crossbred gilts back to a boar belonging to one of the parental 
breeds. 

■L. M. Winters, O. M. Kiser, P. S. JorJnn. and \V. II. Peters. 
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Every precaution possible was taken to ensure uniform conditions 
tor the development of these four different lots of pigs. Also, in the 
selection of the breeding stock, every effort was made to eliminate 
diiierences in individuality or breeding. 

The essential results as computed and summarized by the authors 
are shown in Table 173. 


Table 173, Summary Advautagcs of Crossbreds over Furebrcds, 
in Percentages 



First 

Cross 

Three- 

breed 

Cross 

Backcross 

or 

Crisscross 

^irth weight, live pigs 

1.96 

0.39 

14.57 

Birth, weight per litter, live pigs 
Number of live pigs farrowed 

13.39 

20.65 

11.97 

per litter 

11.22 

20.19 

-2.34 

Number of pigs farrowed per litter 

4.04 

8.62 

-n.85 

Number of pigs weaned per litter 

5.87 

36.22 

12.21 

;Live weight at weaning 
■Economy of gains, or saving in 

24.84 

60.76 

38.89 

feed 

Rate of gain, or saving in time to 
reach 220 pounds 

2.99 

3.85 

2.91 

8.67 

8.63 

11.28 


In the critical points of total weight of the litter at weaning time 
and the rate and economy of gains from weaning to market time, ail 
three classes of crossbreds excelled the purebreds. Except in economy 
of gains, the differences were large and consistently shown. 

Reviewing the results of the experiment, the authors submitted the 
following observations and conclusions with respect to their applica- 
tion in market pork production: 

“The results obtained from this 6-ycar experiment ha\c made it >ery clear 
that the three types of crossbreds produced arc superior for martcl hog pro- 
duction to purebreds of comparable blood lines. Jt has been proved scry con- 
clusively that the old, rather standard, advice that crossbred sows should all ts: 
marketed is erroneous, for the crossbred sows excelled the purebreds as inothcrs. 
whether mated to a boar of a third breed or back, to one of the breed* that 
<^nicrcd in her own breeding. It is. therefore, scry clear that there i> a* ni-wh 
henefit from keeping the crossbred sows for breeding as there is in rnaki..> t”- 
Original cross. 

“Two opportunities are open to the farmer wishing to use the crossbred w-.*. 
One is to mate them to a boar of a third breed, and the second is to b^i.ro>s 
diem to one of their own two parental breeds. In spite of t.he f—t iha: ir-; 
Ihrcc-brccd cross ga\c the greatest increase in vigor, the a-:.hor* i-— 


570 


PORIC PRODUCTION 


advisability of this as a.gcneral practice, because it is somewhat more com- 
plicated when considered from the long-time viewpoint. The backcross presents 
a rather simple solution of the problem. There’ is no reason why a farmer can- 
not continue alternating indefinitely in the use of boars of two breeds. This pro- 
posed method of breeding may be labeled ‘crisscross breeding.* The pedigree 
of a pig after four generations of this type of breeding would be as illustrated 
below. 

“The authors suggest that a farmer select two of the popular American 
breeds of swine, according to his own preferences, and proceed to breed for 
the market by first using a boar of one breed and then of the other. The same 
method can be applied to the three-breed cross, by rotating the use of boars 
of three breeds, but, as already pointed out, this is somewhat more complicated. 

“The good purebred sire is the basis for a sound beginning in breeding swine 
or any other class of livestock for the market- This is equally true of the method 
of breeding market swine, here proposed. Crossbreeding will not solve any diffi- 
culties, or contribute anything to constructive pork production, unless good 
purebred sires are used- The purebred breeder has nothing to fear from the 
proposed method of breeding for the market. In fact, he has something to gain, 
for good purebreds will be used in the practice, and there should be a demand 
for many purebred boars.” 

The pedigree of the pigs following several generations of crisscross- 
breeding would be as shown in the following illustration. 


Hamp. 31Vi% 
D. J. 68%% 


/Duroc 

Jersey 

IBoar 


[Sow 

Hamp. 62%% 

Id. I. 37‘A% 


'Hampshire 

Boar 


'Sow 

Hamp. 25% 
\D. J, 75% 


/Duroc 
j Jersey 
IBoar 


/Sow 

I Hamp. 50% 
\d. j. 50% 


/Hampshire 
I Boar 


I Duroc Jersey 
\sow 
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The three-breed-cross system of mating can be shown as follows; 


D. J. 56yi% 
Hamp. 31%% 
C.W. 12%% 




Discussion. Despite the fact that there are many outstanding pork 
producers who follow a crossbreeding program with success, there are 
a number of facts which argue strongly against its general adoption. 
The farmer who is ambitious to improve his grade herd, and most 
herds are grade in breeding and most are in need of improvement, 
many believe would be better advised to stick with the breed which 
he prefers, which is adapted to his conditions, and with which he is 
most familiar, rather than experimenting with crossbreeding. He will 
more likely be able to secure satisfactory sires from his own breed than 
from some other with which he is not so well acquainted. He is often 
apparently deluded by the thought that there is some magic in cross- 
ing, and he chooses a boar more or less at random, with too much 
thought to breed and too little to individual merit. 

The first cross looks good and performs satisfactorily in the feed 
iot, but from there on certain complications and diliiculties arise. If 
first-cross pigs are to be produced each year it will necessitate the 
maintenance of two different classes of hogs, one for the production 
of the cross-bred pigs, the other to provide replacements for the sow 
herd. As a consequence of this, the plan frequently degenerates into a 
mixed and indiscriminate type of mating characteristic of the shift.- vr 
type of farmer who operates on the **caich-as-cateh-can plan In 
the crisscross or thrcc-bmed-cross systems, however, this dii.heuliv ti 
not present, although the final results may be the same if the pfoe.-a.n 
is not faithfully adhered ro. 
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It is the considered opinion of the author that commercial pork pro- 
ducers in general will gain more by staying with one breed and per- 
sistently following a constructive program of upgrading than they will 
by embarking on any one of the plans of crossbreeding. It is pertinent 
to observe here, however, that either system may be followed by a 
good hogman with expectation of good results, and that the difference 
in favor of one or the other under like conditions is not great nor 
nearly so important as those which result from the usual differences 
found in management and feeding practices. 

Inbreeding: line-breeding. In principle, inbreeding is the opposite 
of crossbreeding. It means the mating of individuals more or less 
closely related. If the individuals are as closely related as full brother 
and sister, half brother and sister, sire and daughter, or dam and son, 
it is called close inbreeding or incestuous breeding. Practically all in- 
breeding takes the form of line-breeding. Line-bred pedigrees show 
the repeated appearance of some one animal. The result is that it in- 
tensifies the influence of this individual, or of the group of individuals 
just back of him in the pedigree. 

, /Ohio Chief 

I 8727 


Arlie M. 
28520 


/John’s Ohio Chief 
, 17483 

\Watson’s Dutchess / 

/Maywood S. 4th 
\ 3240 

A good example of line-breeding frequently seen is represented in 
the pedigree of D. B.’s Dutchess 76842, as shown in the above dia- 
gram. In this case a son of Ohio Chief was mated with a granddaughter 
of Ohio Chief. 

In the illustration below is the pedigree of Baron Lee IV 33446 
which shows a little closer line-breeding than the first. 


^Ohio Chief 
» 8727 
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Longfellow 

16835 


Baron Lee IV } 
33446 


yLongfeliow 

16835 


Model Duke <; 


\Lady Lee VII ^ 
25107 


/Handsome Duke 


\Erama Lee > 


\Dora Lee 


The relationship is even more dose than shown here for Handsome 
Duke was a half-brother to Longfellow, and Dora Lee was a full 
sister, 

Js inbreeding safe or practical? The commercial breeder of market 
hogs may well eschew inbreeding. The availability of good boars of 
the breed outside his herd is such that he cannot afford the risks of 
impaired fertility and vigor which generally follow the use of too 
closely related sires. Breeders of purebred stock, however, have in a 
i^^rge number of instances employed it for a lime with cniincnily 
satisfactory results. 

Robert Bakewell of Leicestershire, England, the father of animal 
breeding, who began breeding livestock in 1760, mated the best ii> 
the best,” it is said, regardless of relationship. He succeeded in eireei- 
ing such improvement in the meal and early maturing qualities of his 
Longhorn cattle and Leicestershire sheep that his method was hailed 
a new and sensational discovery'. Cruickshank was another ear > 
constructive breeder whose fame largely rests on the get of Chainp.oa 
of England. From the time this great bull was prtxJueed. onJ> sires vt 
kis own breeding were used. The founders of the Angu> and Her... ra 
breeds likewise did not hesitate to inbreed "when the 7 ;'-' 

strong and suited 10 one another.” Practically all of the carl;, tr.-ew^rs 
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It is the considered opinion of the author that commercial pork pro- 
ducers in general will gain more by staying with one breed and per- 
sistently following a constructive program of upgrading than they will 
by embarking on any one of the plans of crossbreeding. It is pertinent 
to observe here, however, that either* system may be followed by a 
good hogman with expectation of good results, and that the difference 
in favor of one or the other under like conditions is not great nor 
nearly so important as those which result from the usual differences 
found in management and feeding practices. 

Inbreeding: line-breeding. In principle, inbreeding is the opposite 
of crossbreeding. It means the mating of individuals more or less 
closely related. If the individuals are as closely related as full brother 
and sister, half brother and sister, sire and daughter, or dam and son, 
it is called close inbreeding or incestuous breeding. Practically all in- 
breeding takes the form of line-breeding. Line-bred pedigrees show 
the repeated appearance of some one animal. The result is that it in- 
tensifies the influence of this individual, or of the group of individuals 
just back of him in the pedigree. 

i Ohio Chief 
8727 

D. B.’s Dutchess 
76842 

I /John’s Ohio Chief 

\ \ 17483 

\\Valson’s Dutchess 1 

iMaywood S. 4lh 
\ 3240 


^Ohio Chief 
I 8727 


Arlic M, 
, 28520 


A good example of linc-brccding frequently seen is represented in 
the pedigree of D. B.’s Dutchess 76842, as shown in tlie above dia- 
gram. In this case a son of Ohio Chief was mated with a granddaughter 

of Ohio Chief. ,,, 

In the illustration below is the pedigree of Baron Lee IV 33446 
which shows a little closer line-breeding than the first. 
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Poland China, Tamworth. and Chester White breeds were selected 

and a program of continuous brothcr-and-sister mating of littermates 
initiated. 

At the end of 5^ years the results obtained were summarized with 
e following significant observations. The pigs showed a marked 
ecline in vigor and later in fertility, more in some lines than in others, 
fhere was an increased susceptibility to disease. One line of Poland 
mas became extinct after the first generation; the second line carried 
on mto the second generation, but farrowed an average only of two 
pigs to the litter, and efforts to continue it were abandoned. A similar 
ate overtook one of the Chester White lines. Two Tamworth gilts 
ost their litters before farrowing time, and repeated the performance 
c next year. After five years only on line, a Tamworth, had produced 
^ ^“'^''^^■generation litter. Two latent characters, a sepia color in one 
of the Poland lines and swirls in a Tamworth line, were brought to 
ight and fixed. In addition, there often appear in intensively inbred 
mes such lethal or defective characters as cleft palate, scrotal hernia, 
defective skulls, ridgelings, absence of a normal anal opening, etc. 

These results conform to expectation and are in accord with known 
genetic laws. They are of practical value to the breeder in informing 
him of the dangers which are inherent in any such intense inbreeding 
program. 

A national breeding research laboratory is created. That inbreeding 
has been used successfully, and is now being employed in a mild form 
hy a number of breeders with good results, suggest that it has possi- 
bilities that have not yet been fully realized. It was chiefly to c.xplore 
these possibilities that the Regional Research Laboratory for the Itn- 
Ptovement of Swine through Breeding was created by the Bankhead- 
Jones Act of 1935. According to the Twelfth Annual Report of [he 
director of the Laboratory, Dr. W. A. Craft, there now are 17 suite 
“periment stations collaborating with breeding projects directiv or 
informally related to the cooperative elfort. 

_ The broad-scale objectives of the Laboratory, as slated, are to 
discover, develop, and test procedures of breeding and selection ufush 
may be used by hog producers to speed the iniprosenient of ho-’s la 
uespcct to performance and carc.iss; to study preeisely the usefe.'n..s 
of inbred lines for improving the breeding salue of the pure 
for use in pork production; to enlarge kno.sIeJee eoi’.eerniae t. - 
genetic elfocts of inbreeding and inheriunee of cluire^ieri la ' 
and to cs'aluate application of such Ino.sledee m >....".e 1; . 
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of livestock whose detailed records are known practiced inbreeding 
to a greater or lesser degree. Gentry of Berkshire fame is a more 
recent breeder whose success was in large measure the result of the 
careful' mating of individuals descended from the great boar Long- 
fellow 16835. The late great Hereford breeder, Robert H. Hazlett, 
maintained a closed herd for a period of about 30 years. 

It would be a mistake, however, not to emphasize the fact that 
practically every one of these breeders recognized in their experience 
the dangers which lie hidden in the system. Practically all of those who 
used inbreeding to fix type and establish uniformity came to the point 
where they saw the necessity of introducing fresh blood by making 
an outcross. This was apparent in an increasing tendency towards 
sterility and a lack of vigor as the line was continued. 


Fig. 107. This line-bred Chester While sow, Purdue’s Miss Model, was a 
littermalc to the International grand champion barrow of 1933 and the 
mother of the International grand champions of 1934 and 1935, each by a 
different sire (couriesy, Purdue University). 


Hazards involved in continuous inbreeding. What usually happens 
in swine when an intense inbreeding program is followed for several 
generations is well illustrated by the results of an experiment carried 
out by the Division of Animal Husbandry of the U.S. Department of 
Agrieulturc from 1924 to 1929.=' Two pairs of pigs from eaeh of the 

•Hush C. McPhcc. Tht Extaulan Animal HuibanJman. UAD.A,. March. 
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Danish Landrace boar, 4 years old. A good representative of this 
atnous bacon breed (courtesy, Bureau of Animal Industry, U.S D.A.). 


se ection those which are undesirable. It is a means, therefore, of 
^curing prepotency, fixing type, and establishing uniformity in a herd. 

rather extensive practice of inbreeding in the early formation 
period of many of our present breeds of livestock was justified by these 
facts, 

. When inbreeding is continued for several generations it almost 
inevitably results in loss of vigor and fertility, even though the vveak 
infertile are automatically eliminated in each generation both by 
natural and artificial selection. The more intense the inbreeding 
practiced, the more certain is it that these results will follow. E\en 
}'’hen as mild a form as inbreeding of first cousins or unde and niece 
IS practiced these results arc likely if the program is continued. 

The hazards inherent in an inbreeding program are such ih.it 
“lost breeders cannot afford to contend with them. The number of 
satisfactory boars now available within any of our major breeds is 
to make unnecessary the use of those loo cloicly related to 
^ herd. Occasional mild inbreeding or line-breeding is ju^tlIied. 
howes-er, when through good fortune an outstanding sire has been 
and maximum use of his superior qualities is sought 
**• The production of inbred lines within breeds, or from a cru%» 
or more breeds, in the hope of finding and establi>h;ng 
P“rc strains superior to anything yet produced, u a long a::J 
process which the breeder may well leave in the hanJ» of eijc.'i- 
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Points emphasized in selection are productiveness in sows, vitality, 
rate and economy of gains, and carcass quality of the pigs. 

Attainment of these objectives is systematically being sought by 
the principal cooperating stations by rigid selection for desirable new 
combinations of characters (genes) brought about through inbreeding 
and crossbreeding. At six of the stations the projects underway involve 
moderate inbreeding within a single breed, five major breeds being 
used; at one station moderate inbreeding is being pursued in a herd 
based on a cross of two breeds; and one station is practicing intense 
inbreeding of strains within one breed and of strains developed from 
a cross of two breeds. 

Inbreeding in most instances here is being employed as a means 
of developing superior near hpmozygous or pure strains which, when 
crossed on other similar surviving lines, will result in the restoration 
of lost vigor as well as providing genetic material for new and possibly 
superior combinations of characters. 

There are undoubtedly present in our hog population genetic ele- 
ments (genes) of sufficient variety and kind, some of which if success- 
fully isolated and combined would produce a superior variety of hog. 
The number of lines which it would be necessary to develop and test 
before finding one or two which possess the qualities sought, however, 
is very great, if we ate to judge from the experiences of the corn 
breeder; possibly as many as a thousand or more would be necessary. 

Progress towards the attainment of any of these objectives is neces- 
sarily slow also because of other difficulties which normally arise in 
any inbreeding program. Because of the limited number of animals 
in the foundation herds and the usual decline in vigor and fertility 
which follows from close breeding, the number of offspring available 
in any generation from which selections can be made is seriously 
limited. 

Theoretically, it would appear that the system most likely to locale 
desirable characters (genes) in the shortest time would be one which 
permitted the use of unlimited foundation material and from which 
innumerable lines could be developed through a program of intensive 
inbreeding. 

Summary of observations on inbreeding effects. 

1. In terms of the practical breeder, inbreeding has the eficct of 
simplifying and purifying the hereditary or breeding qualities of the 
individual. This it does by bringing into expression characters which 
were once latent or hidden, thus enabling the breeder to cliniinale by 
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Elg. 108. Danish Landrace boar, 4 years old. A good representative of this 
famous bacon breed (courtesy, Bureau of rtuinial Industry, U.S.D.A.). 


selection those which are undesirable. It is a means, therefore, of 
securing prepotency, fixing type, and establishing uniformity in a herd. 
The rather extensive practice of inbreeding in the early formation 
period of many of our present breeds of livestock was justified by these 
facts. 

2. When inbreeding is continued for several generations it almost 
inevitably results in loss of vigor and fertility, even though the wc.ik 
and infertile are automatically eliminated in each generation both by 
natural and artificial selection. The more intense the inbreeding 
practiced, the more certain is it that these results will follow. Even 
when as mild a form as inbreeding of first cousins or uncle and niece 
Is practiced these results are likely if the program is continued. 

3. The hazards inherent in an inbreeding prognini ,ire such tli..t 
most breeders cannot afford to contend with them. I he number of 
satisfactory boars now available within any of our imijor breedv i> 
™<;h as to make unnecessary the use of those iw c oscly refilled to 
‘he herd. Occasional mild inbreeding or line-hrcLding u juiii.ud. 
however, when through good fortune an outdanding sire liai tven 
found and ma.ximum use of his superior qualilie ^ 

T. The production of inbred lines within tc 
of two or more breeds, in the hojxr of lir. “i^ 
pure sirains buperior to an\ili>u^ >*-1 prL\-*— ^ ^ 
procesb which the breeder niJ> I-a'- ' 


ic> x> vou_-:h! 

ffvi.n 
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ment stations with their trained geneticists. There probably is present 
in every breed a sufficient variety of valuable unfixed characters which, 
if successfully combined, would be capable of effecting improvement 
in our pork-producing seed stock. This is the program to which 
the Regional Research Laboratory for the Improvement of Swine 
through Breeding is dedicated. Although the practical accomplish- 
ments of the program, thus far, have been somewhat disappointing 
much has been learned concerning the heredity of individual char- 
acters. 

IDEALS IN BREED AND HERD IMPROVEMENT 

One of the outstanding characteristics of the methods employed by 
the great breeders of the past, to whom the livestock industry owes so 
much, was that each one had in mind a definite objective or goal for 
.which he persistently selected through many generations. A second 
characteristic, in the case of those who achieved the most in lasting 
values, was that this goal was a practical one; that is, was concerned 
mainly with those characters which are essential to practical herd 
performance. 

Prolific sows. Probably the most important factor in efficient herd 
performance is productiveness on the part of the sows. It is essential 
in economical pork production, and is the trait upon which mainly 
hinges a breed’s popularity with the farmer. 

The natural ability of sows to breed regularly and produce and 
raise large litters is an inherited trait, and can be developed and 
maintained in the herd only by selecting for this kind, and by rigorous 
culling of those which fail to perform satisfactorily. Such a policy is 
the first essential in the successful management of a herd of hogs, 
whether purebred or grade. 

In addition to keeping in the herd only those sows with good per- 
formance records, the gilts retained for breeding should be selected 
only from the most productive mothers and prolific families. The 
sows that raise the large litters arc heavy milkers and usually are 
thin and not too good to look at when their pigs ate weaned; but this 
is the kind from which replacements for the breeding herd should be 
selected. 

In maintaining a high level of breeding performance in the herd, 
the selection of the untried boar should be made with the same dis- 
criminating attention as is given in the selection of the gilts. The size 
of the litter is limited by the number of eggs produced by the sow; 
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abililv to T *e sow’s 

her sL ?"' I P'S* '* influenced as much by 

Lu^hh .? ‘’’3" good’ oven 

gh he may have been a junior champion in the showring. 

ornfii^M P“''f‘«''"“"oe. The second important consideration in 
ab'ft ^ production is feeding quality. By this is meant tlie 
' 1 y on the part of the pigs under good feeding conditions to reach 
ae"^^ pounds by the time they are 5 to 6 months of 

ge- Along with this capacity for rapid and economical gains, the 
armer also requires pigs which will have the desired finish or con- 
ton when market weights are reached. Jn a group of pigs of the 
Same breeding, those that gain fastest usually fatten quickest and are 
ui fitter condition at market weights. 

0 secure and maintain in the herd capacity for rapid and economi- 
^a gains during the early growth period of the pig means that size 
^ age, considering treatment, must be given adequate consideration 
w en the boar and gilts are selected. What is wanted are early growth 
gains rather than extreme mature weights. As a rule, however, the 
arger the parents at maturity, provided they are not of the extreme 
rangy typg^ (jjg greater will be the gaining capacity of their pigs. 

To meet the requirements of the feeder and market, consideration 
must be given to the nature or character of the gains, as well as to 
their amount. Along with gaining capacity there must be the disposi- 
hon to fatten at a sufficiently early age to ensure the desired finish at 
Market weights. At the same time there must not be too much of this 
disposition to fatten early, for such hogs carry more fat and lard than 
die market can absorb profitably. This means that the matter of type, 
hs expressed in the general conformation, must always be considered, 

^mth some attention also to smoothness and quality. E.xperimenis and 


practical experience have shown rather conclusively that the so-called 
Intermediate type produces pigs which make more rapid early gains, 
“I'd which at the same time have more nearly the desired finish at ihe 
popular market weights than do either the tall rangy type, on the one 
uud, or the short chulfy type on the other (see page 153). 

As a rule, those pigs in the same herd which make Ihe most rapid 
sums under a given feeding system also make the most econonneal 
guins. Some studies indicate a degree of correlation between if-.-* 

'Sh as 80 percent. The most economical gains, howeser, are na,_e 
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meat stations with their trained geneticists. There probably is present 
in every breed a sufficient variety of valuable unfixed characters which, 
if successfully combined, would be capable of effecting improvement 
in our pork-producing seed stock. This is the program to which 
the Regional Research Laboratory for the Improvement of Swine 
through Breeding is dedicated. Although the practical accomplish- 
ments of the program, thus far, have been somewhat disappointing 
much has been learned concerning the heredity of individual char- 
acters. 


IDEALS IN DREED AND HERD IMPROVEMENT 


One of the outstanding characteristics of the methods employed by 
the great breeders of the past, to whom the livestock industry owes so 
much, was that each one had in mind a definite objective or goal for 
.which he persistently selected through many generations. A second 
characteristic, in the case of those who achieved the most in lasting 
values, was that this goal was a practical one; that is, was concerned 
mainly with those characters which are essential to practical herd 
performance. 

Prolific sows. Probably the most important factor in efficient herd 
performance is productiveness on the part of the sows. It is essential 
in economical pork production, and is the trait upon which mainly 
hinges a breed’s popularity with the farmer. 

The natural ability of sows to breed regularly and produce and 
raise large litters is an inherited trait, and can be developed and 
maintained in the herd only by selecting for this kind, and by rigorous 
culling of those which fail to perform satisfactorily. Such a policy is 
the first essential in the successful management of a herd of hogs, 
whether purebred or grade. 

In addition to keeping in the herd only those sows with good per- 
formance records, the gilts retained for breeding should be selected 
only from the most productive mothers and prolific families. The 
sows that raise the large litters arc heavy milkers and usually are 
thin and not too good to look at when their pigs are weaned; but this 
is the kind from which replacements for the breeding herd should be 


selected. ■ , i i 

In maintaining a high level of breeding performance m the herd. 

the selection of the untried boar should be made with the same dis- 
criminating attention as is given in the selection of the gilts. The sire 
of the litter is limited by the number of eggs produced by the sow. 
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by the pigs when on a two-thirds to three-fourths full ration than 
when on a full ration (see page 158). 

Market suitability. The third objective which the successful breeder 
keeps in mind is to produce the kind of finished product which will 
satisfy the demands of the packer and consumer. This is a market 
hog which will weigh 180 to 240 pounds, which yields well and 
which, when carrying the right condition, neither too much nor 
too little, furnishes the weight and quality of cuts that are in widest 
demand. 

To produce this kind, breeding stock of the intermediate type must 
be selected. This type not only is consistent with reproductive ability 
and good feed-lot performance, but also produces carcasses which are 
highly acceptable to the packer. Farmers sometimes find it more 
profitable, however, to sacrifice a little oii selling price in order to 
market at heavier weights. This is likely to be the case in years when 
corn is cheap and hogs are relatively high in price. In order to avoid 
excessive condition when hogs are marketed at the heavier weights, 
the boar used should have a little more “stretch” than when anticipat- 
ing a marketing weight of around 200 pounds, but he still should be 
of the intermediate type. 

It breeders of pedigreed hogs ate to produce the kind of boars 
needed to improve farm herds, they too must bear in mind the require- 
ments of the market. That they are at the present time increasingly 
aware of this need is shown by the record. As a result of the well- 
directed activities of the breed associations, national in scope, in 
promoting production-record testing, type conferences, barrow shows, 
and carcass contests, breeders are now better informed on packer and 
consumer, as well as farmer, requirements than they have been at any 
time in the past. The present breeder’s type, as exemplified in the 
present show-ring standards, is one which more consistently meets 
the practical requirements of the farmer and market than any in the 
past (see page 514). 

GUmES IN SELECTING BREEDING STOCK 

How best to attain these objectives or goals, as breeders, is the 
difficult problem. Its solution will be determined largely by the judg- 
ment exercised in the selection of breeding stock. There are three 
ways of judging an animal’s worth as a breeder; first, by his indi- 
viduality; second, by his pedigree or ancestry; and third, by the test 
of actual performance in the herd. 
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is performance. By individoaWy 

sucTnf which can be ^een or judged. 

Tins hreed-type features. SiiOH- 

art^ entirely on a consideration of the visible diar- 

ac ers nraking up the individual. It has been in the past, and prob.rblv 
11 condnue to be in the future, the one best guide in judging the 
p speettve breeding value of the untried sire or dam. 

onsideration of the individuality is of supreme importance because 
ts an expression, although not a complete one, of the hereditary 
c aracter of the germ plasm. In ordinary breeding practice, we can 
■i” *he nature of the germ plasm of the untried sire, for c.vaniple, 
on y by what is expressed in the individual and the individuals of hi.s 
immediate ancestors. It is largely because of this relationship that 
poor judges of individual merit never become successful breeders. 

nt the individuality of an animal is not only a product of his iri- 
entance, but also of the opportunities which he has had for deiclop- 
bred, but poorly fed; or he may be iscll fed 
and poorly bred. In the first instance he would likely be valued behns 
IS actual worth, and in the latter, above his value. The indisidualil) 
nects most accurately prospective breeding value only uhen good 
Mmg and management have combined to ensure full development 
° the individual’s hereditary possibilities. Overfilling for the show 
°r sale ring, however, should be deplored. Not only is it a w.isle of 
cad, but it makes more difficult an accurate apprais-il of the imli- 
'"idual’s worth. 


fhe pedigree is an aid in selection, A pedigree is a sl.iteiuent of .in 
“mnial’s ancestry. In addition to the name.s and herd-lH>ok riumbei. 
c file animals in each of several generations, usu.iMv it ineludes .ib*' 
t le dale of birth of each animal and the name of ilie breeder It uvi-. 
extend back to the beginning of a breed's recorded hotors. or o;ii. 
iMo or three ecneraiions. 
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prepotent and uniform the breeding qualities of the individual may 
be expected to be. 

The most important animals in a pedigree, from the standpoint of 
their resemblance to, or influence in determining, the character of 
the individual under consideration are those which appear in the 
immediate ancestry. Accordmg to the old Gallon law, which was 
based mainly on a statistical study of human stature, the two immedi- 
ate parents have twice the influence of the four grandparents; and 
the eight great-grandparents together exert only half the influence of 
the four grandparents, etc. The influence of any single individual, 
therefore, is four times that of any individual in the preceding genera- 
tion. This relationship or distribution of influences may be illustrated 
as follows: 

1.5614% 



The importance which the prospective buyer should attach to the 
pedigree of a young boar or gilt is conditioned by his knowledge of 
the individuality and breeding record of the individuals in the im- 
mediate ancestry. If this information is complete and gained largely 
from first-hand observation, he should base his judgment of value 
about one-half on the merit of the individual and about one-half on 
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Sanitation and Disease Control 


By Dr. L. M. HUTCHINGS 

SANITATION MEASURES FOR THE PREVENTION OF DISEASE 

Sanitation as related to management. Sanitation is an important 
part of herd management. It may be defined as the application of the 
necessary health-conserving and disease-prevention measures to the 
care, management, and feeding of hogs. Close confinement and 
crowded quarters tend to increase the likelihood of disease. Filthy 
feeding floors and watering places favor the entrance of disease-pro- 
ducing germs into the body of the animal. Hogs do not thrive well 
when the housing conditions encourage them to pile up in the sleeping 
quarters or burrow into straw stacks. Wet, filthy, or dusty beds are 
detrimental to raising thrifty swine. Straw stacks, old straw sheds, and 
hog houses that have dirt floors are unsatisfactory shelters for hogs. 

Manure, corncobs, and other litter should not be allowed to ac- 
cumulate in the hog houses and yards. In case the yards do not have 
good surface drainage, grading and tiling them helps to correct this 
condition. Small lots may be cleaned by removing a few inches of the 
surface. The most effective way to clean a hog lot is first to remove 
all litter and then to plow it and to sow rye, wheat, rape, or other 
forage crops. 

The two most important sanitary requirements in a central hog 
house are good ventilation and clean, dry floors. Ventilation without 
floor drafts is important during cold weather. Unless the floor can 
be easily cleaned, the house usually becomes filthy. A concrete floor 
provided with drains can be washed with water and is easy to keep 
clean. Stiffness and lameness often occur in hogs confined too long 
inside a central hog house. This condition may be corrected by allow- 
ing them outside for exercise. Open sheds and portable hog houses, 
under most farm conditions, arc more satisfactory than a central 
house for hogs and young pigs. 

If hand-feeding is practiced, a concrete feeding floor large enough 

to accommodate the entire herd should be provided. The floor should 
381 
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be kept clean; otherwise it is little better than feeding on the grounc 
r m the mud. If garbage is fed, the feeding floor should be thorSighb 
cleaned daily It is better to select a different feeding place from day 

feed \ in the pasture. Shelled com, ground 

w minerals are usually fed in self-feeders. 

assiire'^*^ ^ drinking fountain 

fro!, , if usually receive drainage 

m other hog lots and are common sources of disease. Ponds and 
a ows are little better than cesspools, as they receive surface drain- 
age from the hog lots and pasture. They should be filled in with dirt 
m^order to prevent hogs from using them for drinking and wallowing 


Disinfecting hog houses. The first step in disinfecting a hog house 
IS to thoroughly clean the walls and floor. Ninety percent of the time 
and labor should be spent in cleaning and only 10 percent in disin- 
fecting. It is impossible to disinfect a dirty hog house. The surface of 
an earth floor should be removed to a depth of 2 or 3 inches and 
replaced with clay or gravel. One pound of lye in 10 to 20 gallons of 

ot water is commonly used by the farmers and breeders in c/eaning 
hog houses. A 3 percent water solution of liquor cresolis compound 
(sheep dip) may be sprayed or sprinkled on the cleaned surfaces. 
Sufficient hydrated lime may be added to the disinfectant to make a 
thin whitewash. This enables the person who is applying the disin- 
fectant to detect any part of the surface that has been missed. The 
pump used should have sufficient force to drive the spray into the 
cracks and uneven places in the walls and floors. 

Proper diagnosis of swine diseases. The high death rale from in- 
fectious diseases of hogs cannot be lowered without the cooperation 
of all farmers, breeders, and dealers. The buying and selling of dis- 
eased hogs and hogs that have been exposed to infectious diseases 
costs annually hundreds of thousands of dollars. Infectious diseases 
can be controlled in a community by quarantining the sick and ex- 
posed hogs. An early diagnosis is all-importanl. A delayed diagnosis 
ahows the infection to spread in the herd and community. 

Salesmen should not be allowed to diagnose and treat diseases of 
hogs. Very few salesmen are veterinarians, and the desire to nu^e a 
sale may influence the diagnosis. Jf both the diagnosis and insirueiioas 
for caring for the herd arc wrong, it makes little dilTerenec whether 
fraudulent or honest drug preparations and vaccines are tivcd for 
the treatment of the disease, as the final results would be the some. 
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The diagnosis and treatment of hog diseases by agents for drug 
preparations, vaccines, and so-called remedies and cures have inter- 
fered with the control of infectious diseases and increased the cost 
of hog production, 

ENTERNAL PARASITES OF SWINE 

Although there are numerous parasites which may affect swine the 
most common are the common roundworm (Ascaris suwn) and the 
thorny-headed worm (Macracanthorhynchus hirudinaeceus). Two 
others, less common but deserving of mention, ate the kidney worm 
(Stephanunis dentatus) and Trichinella spiralis. 

The common roundworm. Very few hogs escape infestation with 
common roundworms. Injury by this parasite is limited largely to pigs. 
The eggs of the roundworm pass out of the hogs’ intestine in the feces. 
Eggs develop to the infective stage outside the pig’s body and are then 
taken into the digestive tract in feed and water contaminated with 
filth, and reach the immature stage in the intestine. The young worms 
penetrate the intestinal wall and enter the small blood vessels. They 
are carried in the blood stream to the liver, lungs, and spleen (melt). 
Larvae that escape from the lung capillaries into the small air sacs ■ 
migrate to the pharynx (throat) and pass down the esophagus (gullet) 
to the intestine where they complete their development. During this 
migratory period the young worms may damage the Kver and lungs. 
In fact, the chief injury from the common roundworm occurs during 
the migration period rather than from the adult worms in the intestines. 

The thorny-headed worm. The thomy-headed worm is not a com- 
mon parasite of swine grown in the Corn Belt states, but it is of con- 
siderable economic importance in the southern part of the United 
States. Certain beetles and their larvae are the intermediate hosts of 
the thomy-headed worm. The adult worm inhabits the small intestine 
of swine, to which it is attached. The eggs pass out of the intestine with 
the excrement and hatch when ingested by the larvae of certain 
beetles, which feed in the manure or the soil of infected pastures and 
hog lots. Treatment has not proved satisfactory. Prevention consists 
of keeping swine from eating white grubs and beetles that are infested 
with the young worm. 

Clean hog lots prevent mass infection in pigs and consequent injury 
to the lungs, liver, and kidneys. Young pigs should not be kept in 
central hog lots. Use of the McLean County System of swine sanitation 
helps limit mass infection of pigs with roundworms. “Worm remedies 
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are often not effective in controlling this parasite. Often the death of 
a pig IS wrongly attributed to “worms” when the autopsv reveals 
round worms in the intestine. A “worm remedy” is then often civen 
o the entire herd. The mere finding of adult roundworms is not 
positive evidence that this parasite has caused the pig’s death. If the 
disease or cause of death should be cholera, flu, dysentery, or anemia, 
t e treatment of the herd with a “worm remedy” may actually increase 
the death rate. Furthermore the use of “worm remedies” by ine.xpcri- 
enced persons may result in injury to the pharyn.\, stomach and in- 
testine which results in stunting or death of the pigs. The general, 
promiscuous use of drugs should not be employed for the treatment 
of intestinal worms in swine. 

Kidney worms. The kidney worm (Stephamirus cleiuatiis) is ividcly 
distributed in tropical and semitropical areas. Thus they arc of im- 
portance to swine raisers in the Deep South of the United States, but 
are not of much importance in the Com Belt. They occur mo.stly in 
me fat surrounding the kidney itseif, and in the uterus or pig-bed. 
The adult worms live in cysts which communicate with the tubes lli.it 
carry the urine from the kidneys to the urinary bladder and lienee 
the eggs pass out in the urine of the pig. The eggs hatcli and tlie lan.ie 
reach the infective stage in about 4 days under favorable conditions. 
Infection of the host occurs by mouth or through the skin. The young 
Worms which enter swine by cither route migrate to the liicr .iiid 
eventually establish themselves in the area surrounding the kidney 
Treatment has been unsatisfactory. This parasite is mentioned K-- 
cause, although there is a difference of opinion concerning iis im- 
portance, some authors consider it as a cause of posterior p.ir.ibsii 
The chief importance of the parasite is that the kidneys, Iii.r. 
and occasionally other organs may be unlit for huni.in eoioa" 
lion. Other diseases are usually found to be the eauie of (s-a-f. r 
paralysis. 
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cooking of all pork and other meat that are fed to pigs and, of course, 
thorough cooking of all meat for human consumption. 

EXTERNAL PARASITES OF SWINE 

The two most common parasites of the skin of swine are the hog 
louse (Haematopimis siiis) and the mange mite (Sarcoptes scabiei siiis). 
Both of these parasites are widely distributed and are very prevalent 
in the Corn Belt. 

The hog louse. The hog louse is the largest of those found on farm 
animals. Because of its size and the thin hair of swine it can be easily 
seen with the unaided eye. The eggs (nits) also may be seen attached 
to the hairs. The eggs hatch in 10 or 12 days and the young louse 
reaches maturity in 2 or 3 weeks. This louse sucks blood and a heavy 
infestation may cause swine to become restless and unthrifty. Hog 
lice frequently get onto humans, but do not stay long and do little or 
no damage. Swine pox may he spread by lice. 

Lice may be controlled effectively by the use of crude petroleum 
or processed crude petroleum. The petroleum may be applied in a 
dipping tank, by hand, or by means of hog oilers designed for the 
purpose. A newer and effective treatment consists of spraying the 
hogs with benzene hexachloride or chlorodane (directions on 
the container). One application is ordinarily sufficient to remove 
all lice. 

Mange. The mange mite burrows into the skin and lays eggs in the 
tunnel so formed. The entire life cycle requires 2 to 3 v/eeks. These 
mites cause intense itching, which results in rubbing or scratching, 
which aggravates the condition. The skin becomes crusted, thickened, 
cracked, and often grayish in color. Swine lose the hair in the affected 
areas. The thickened skin is referred to as “elephant hide.” Mange 
usually starts around the eyes, nose, or ears, but it may appear first 
on any part of the body. Mange may occur at any time of year, but 
is seen chiefly in the winter when swine are closely confined. Because 
swine seldom, if ever, die of mange, the serious economic loss from 
the disease is overlooked by many owners. Hogs affected with mange 
not only are unthrifty and inefficient but also may be docked at market 
because of the severe skin damage which may result in condemnation 
of hams and shoulders. 

Treatment consists of repeated applications of lime-sulphur dip, 
crude petroleum or processed crude petroleum. A newer and very 
successful treatment consists of a single application of benzene hexa- 
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Chloride or chlorodane with a sprayer. Thus 
hce and mange with a single spraying. 


one may treat for botli 


diseases of young pigs 

nutritional disease which occurs ,n 

anern^n """y become severely 

y the time they are 2 to 3 weeks of age. Thumps and scours 
are common symptoms of anemia. Other symptoms arc Jack ol vigor, 
L. ’ advanced stage, wrinkling of the skin and edenu- 

eus swelling along the under side of the body, particularly the neck. 

nnemic pigs show labored breathing and they become 
ea y atigued. Most of the losses from anemia occur during the 
winter and early spring in pigs confined to the central farrowing house, 
or in pigs which do not go outside because of unfavorable vvc.iihcr. 

'gs that recover are often unthrifty and stunted, and their re- 
sistance to parasitic and other diseases is lowered. Hiitcrilis, bulhiosc, 
pneumonia, and heavy infestation with lung and intestinal worms 
ore likely to occur in herds where there have been severe c.ises of 
anemia. 


On post-mortem examination anemia is easily rccognircd by the 
pale blood, pale muscles, yellow liver, enlarged spleen, and ll.ihby 
and frequently dilated heart. In case several pigs in a herd shew 
synipioms of anemia, one or more should be autopsfed by a \eteri- 
^larian, and if the trouble proves to be anemia, the conditions respon- 
sible for thf» Hiconcr^ clirAMlrf 
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Baby-pig disease. A satisfactory crop of baby pigs is essential for 
successful swine production. Anything which interferes with a satis- 
factory pig crop is of great concern to the swine producer and his 
'veterinarian. Determining the causes of death losses in new-born pigs 
is quite often a most difScult problem. There is now quite general 
agreement among investigators that feeding an inadequate ration to 
the brood sows during the gestation period is responsible for some of 
the high death losses in baby pigs. This type of death loss occurs in pigs 
that are born at full term, and of sows that are apparently healthy. 
Ordinarily these pigs appear normal at birth and usually nurse within 
a short time. In a few days, however, they weaken and die. 

The symptoms associated with these pig losses are sometimes not 
clearly defined. Death may occur at any time from several hours to 
several days after birth. The symptom commonly observed is apathy. 
The pigs remain in the nest almost constantly. In some instances they 
■wander aimlessly about the pen, shiver, go into a coma and may be 
found lying scattered on the floor of the farrowing pen or house. Lack 
of vigor and coma are probably responsible for many deaths that are 
attributed to the pigs being “laid on” by the sow. An active, vigorous 
pig will usually avoid being laid on by the sow. When affected pigs are 
handled, they often emit an abnormal squeal. Farmers often refer to 
this as a “graveyard squeal” because their experience has shown that 
death of the pig is likely to occur soon. 

Post-mortem examination shows certain lesions to be fairly con- 
stant. The liver is increased in sire and is more friable than normal. 
There is a tendency for the liver to rupture, as the result, perhaps, of a 
slight pull on the unbilical cord or pressure on the body. A doughy 
swelling that pits on pressure, particularly along the underportion of 
the neck and between the hind legs, is often seen. In addition, degen- 
eration of the kidneys is apparent. The stomachs of the dead pigs are 
often well filled with milk. 

Careful observations and some experimental work have indicated 
that this condition results from faulty nutrition of the sow or gilt dur- 
ing the gestation period. The precise kinds and amounts of the various 
nutritional factor which should go into the brood-sow ration have not 
been fully determined. However, there is information available indi- 
cating in a general way, what a successful ration should contain. The 
addition of good-quality alfalfa meal, IS to 25 percent of the ration, 
when the sows are not on pasture is now generally recommended m 
order to improve the liveability of the pigs. However, the addition of 
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alfalfa meal to a decidedly poor ration cannot bo expected to mppiv 
o * ™tationaI factors required by the pregnant sou. Ooexi'- 
quality pasture is of extreme importance. For full details concern, in- 
auequate brood-sow rations see Chapter III 


SWINE BRUCELLOSIS 

There are some contagious diseases which may cause an iins.itis- 
actory pig crop. Two of these are brucellosis and transinisMblc gtistro- 
enteritis. Brucellosis of swine is a chronic infections disc.isc c.iuscd by 
a specific germ {Brucella suis). The symptoms are varied. The more 
common symptoms are abortion, the birth of dead or weak pies, tem- 
porary or permanent sterility, and, less commonly, joint .suellmgs .mil 
posterior paralysis. The disease affects both males and feiii.ilcs of .ill 
ages. The symptoms are more pronounced in adult animals tli.ui in 
young pigs. 

■ of swine is one of the iniporltuu problems of tfie sume 

industry. It is estimated that between 1 and 3 percent of the hogs .ire 
altected with this disease. Although e.xact figures on ineidenee are m't 
available, the disease is known to be of considerable ecouonue tin- 
portance to the swine producer. The losses occur through ( I » .ibor- 
lions; (2) the birth of dead pigs at farrowing time; (3) the birili of 
"cak pigs, some of which die; (4) failure of gilts and so\s s to Ivsoaie 
pregnant; and (5) sterility in the boar ulicii tiie germs loc.ilire in ii:e 
genital organs. 
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transmitted by indirect means such as contaminated feed, trucks, 
shows, creeks, and contaminated premises. Infected sows and gilts 
eliminate the germs in the discharges at the time of parturition (either 
full term or premature) , The bacteria may be found in milk of in- 
fected females and semen of boars, and has been demonstrated in 
urine and manure. Pigs may become affected while nursing infected 
dams and act as spreaders. Primarily, brucellosis is spread by traffic in 
breeding hogs from diseased herds to clean herds, and is then per- 
petuated in the herd largely by breeding animals. 

Infectious abortion or swine brucellosis is rather difficult to elimi- 
nate from a herd. However, the disease, in so far as abortions are con- 
cerned, is much more self-limiting than brucellosis in cattle. There is 
no accepted vaccination procedure or treatment for this disease; hence, 
control is based on diagnosis and elimination or isolation of infected 
animals. ■ , 

Diagnosis is accomplished by the standard blood-agglutination test, 
similar to the test for brucellosis in cattle. In swine this test is accurate 
in detecting brucellosis in a herd, but has some limitations in diagnos- 
ing the disease in individual swine. These limitations are due to ( 1 ) the 
absence of a blood reaction in the early stages of the disease, even 
though the animal is harboring the germs, (2) the presence of a slight 
blood reaction in both infected and noninfected swine, and (3) the 
disappearance of blood reactions in some infected swine. 

Prevention measures. The most important preventive measure is to 
avoid introducing infected swine into a brucellosis-free herd. This is 
best accomplished by purchasing replacements or additions from herds 
known to be free of brucellosis. In the event such is not possible, each 
addition should be tested. No animal showing an agglutination reac- 
tion in any degree should be accepted. Replacements from herds of 
unknown disease history should be kept in isolation for at least three 
months and retested before entry into clean herds is permitted. 

Assembling a swine herd from many different sources is dangerous. 

It is safer to limit the purchase of animals to one source, if possible, 
and thus lessen the chance of purchasing an infected hog which is not 
reacting to the blood test. Herd sires should be purchased well in ad- 
vance of breeding season so that at least two blood tests, at 30- to 
60-day intervals, can be made prior to their use. Such quarantine 
periods may appear to be long, but experience has shown that they arc 
necessary safety precautions. 

The use of community boars is dangerous. Numerous incidents of 
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to JdTseled''’' ^ows, and 

Irol plans. As stated above, the standard blood test is not as 

sr ctrf f r ■'li indlvS 

problem W d *' “ 

in thp / the reacting swine nor vaccination have been satisfactory 
are preseS brucellosis, the following two plans of control 


he slaughter. This plan is useful in 

r s large or small, where the primary consideration is the produc- 
lon of pork. It is quick, easy, and economical. An interval of 3 to 6 
onths may be necessary to dispose of the entire herd, feeder pigs 
^ ’ ^ttd to clean and disinfect the premises and equipment. 
Replacement of the infected herd should be from herds free of 
brucellosis. Periodic blood tests should be conducted on the newly 
purchased herd as a means of detecting infection that might be about 
e premises. Brucellosis is primarily an animal-to-animal contact 
isease. Hence, early detection of animals that may become infected 
torn the premises is essential to protect the new herd. 

■2- Test, segregation, and delayed slaughter of infected herd, 
he details of this plan are: (1) Blood test the entire breeding herd. 
(2) If infection is present, consider the entire herd as infected. Man- 
age the herd as a unit. (3) Raise pigs from this infected unit. Wean 
nnd test the pigs at S weeks of age. Isolate the negative pigs on clean 
premises as far removed as possible from the infected parent stock. 
Maintain this isolation until the infected herd is disposed of. (4) Blood 
test the pigs at intervals of 60 days up to and during the first preg- 
nancy. Remove all reacting pigs as they occur. Breed only those gills 
which are negative to the blood test to noninfccted boars. (5) Dispose 
bf the original infected herd as soon as suitable negative replacements 
3re available, or as soon as it is obvious that the plan is giving satis- 
factory results. (6) Premises where the infected herd was kept should 
be cleaned and disinfected thoroughly, preferably under supervision 
bf a competent veterinarian, prior to establishing the clean replace- 
ment herd. 

This last plan provides for the raising of negative pigs from the 
infected parent breeding slock so that dean replacements of Inown 
blood lines are available. Ultimate slaughter of the original infeeied 
herd is necessary, but may be delayed until ihe quality, quantity, and 
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Fig- 109. Atrophic rhinitis. Note the deformed snout and thin condition 
{courtesy, Ind. Exp. Stu.)- 


often contains a cheesy substance. Bullnose is not likely to be serious 
unless the pigs have been anemic or debilitated in sonic other uay. 

Infectious rhinitis is often, if not always, serious in affected herdi. 
The irnportant economic loss caused by this disease results from the 
stunting effect it has rather than the death loss it causes. It ts cunmion 
for the disease to affect every animal in the herd and retard growth 
to such an extent that the herd is almost worthless. 

Tor the control of this disease, it is recommended that the atfeeicd 
herd be disposed of completely for slaughter. Any measure short of 
this is apt to be disappointing since this type of rhinitis will prohablv 
be a perennial problem so long as any alfeeted aninuls arc kept 
i^reeding stock may carry this disease o\cr from >ear to vear and a;>- 
Parenily spread it to successive litters of pigs. 

HOG CHOLfcK.V 

In any discussion of diseases it is es-eiilial tbji eho.erj i>. - - • 
t’oned because despite all the newer iniormaiioii on -■ e 
hog cholera still looms as the biggest single d.vea'e f — r .a t - 
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the disease status of the pigs are known. This plan avoids the necessity 
of purchasing replacements from unknown sources, and also aids the 
breeder in maintaining desirable blood lines. 

Transmissible gaslro-enteritis. Transmissible gastro-enteritis is a 
highly infectious disease which may destroy practically the entire pig 
crop, particularly if the litters of young pigs are kepT close together. 
The incubation period may be as short as 18 hours. This disease is 
uniformly characterized by scours, and there is often vomiting. Dehy- 
dration and loss of weight are rapid. Death commonly occurs in from 

3 to 5 days after the first symptoms are seen. Older swine are some- 
times affected. Brood sows may scour profusely and sometimes vomit, 
go off feed, quit giving milk, lose weight, and then usually recover in 

4 or 5 days after the onset of the disease. The death loss in older 
animals is very low. No effective remedy or prevention other than 
isolation and sanitation has thus far been found. 

The cause of this disease is a filterable agent, probably a virus. It is 
not related in any way to nutrition. Control is based on isolation and 
sanitation which help to stop the spread of infection. Sows which 
have not farrowed should be moved away from infected animals and 
should be separated as widely as possible. 

Considerable discretion is sometimes needed in interpreting scours 
in pigs. While scours is a constant symptom in transmissible gastro- 
enteritis, it also occurs in other conditions, particularly in anemia. 

INFECTIOUS RHINITIS 


This disease is referred to as dystrophic or atrophic rhinitis (inflam- 
mation of the nose). The disease is reported to be caused by a virus 
and is evidently becoming more important as a disease of swine. 

Clinically this type of rhinitis is characterized by violent sneezing 
and other evidences of irritation of the nose, such as rubbing the 
snout against various objects and pressing it into the ground. Bleeding 
from the nose may occur. There often is a well-marked deformity of 
the snout. The snout may be turned to cither side or upward. An over- 
shot lower jaw sometimes occurs. .... 1 , 1 , 

Post-mortem examination reveals marked inju^ or eompicte de- 
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often contains a cheesy substance. BuHnosc is not likely to be serious 
unless the pigs have been anemic or debilitated in some other way. 

Infectious rhinitis is often, if not always, serious in alTccicd herds. 
The important economic loss caused by this disease results from the 
stunting effect it has rather than the death loss it causes. It is common 
for the disease to affect every animal in the herd and retard growth 
to such an extent that the herd is almost worthless. 

For the control of this disease, it is recommended that the atfected 
herd be disposed of completely for slaughter. Any measure short of 
this is apt to be disappointing since this type of rhinitis will prohat’lv 
a perennial problem so long as any affected anim.iK are t.ept 
i^reeding slock may carry this disease over from jear to >cjr and a;>- 
Parenily spread it to successive liners of pigs. 

HOG CHOI.Fk.V 

fn any discussion of diseases il is essential that cht) era te : ■ 

t*oncd because despite all the newer inforniaiK>n on J. e. e. 

cholera still looms as the biggest single dise.ise f— r i.i r.*-,- 1 
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Fig, 110, Bullnose. Note. that the soft structures of the snout are involved, 
whereas in rhinitis the bones of the nose are involved (courtesy, Ind. Exp. Sta.). 


Of a swine enterprise. In fact, cholera causes more loss to the swine 
industry than any other disease of hogs. 

Unfortunately there is still no very reliable test for diagnosing 
cholera in the laboratory or the field; hence its diagnosis must be based 
on the history, symptoms, and lesions which vary from none to the 
typical textbook description. Judgment and experience are necessary 
for the accurate diagnosis of hog cholera, A practical rule to follow 
in considering swine trouble is that if swine sicken and die in large 
numbers, hog cholera should always be considered before other possi- 
ble causes of death. This applies to vaccinated as well as unvaccinatcd 
herds. 

Cholera symptoms. Cholera is caused by a virus. The virus is pres- 
ent in the blood of swine sick with cholera and is eliminated in the 
body secretions and excretions. The earliest symptom of hog cholera 
is a high body temperature. Loss of appetite, depression, and weakness 
occur in hogs that live several days after the rise in body temperature. 
Some die rather suddenly before these symptoms develop. Vomiting, 
diarrhea, labored breathing, gummy eyes, staggery gait, and dis- 
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colored or purplish skin arc common symptoms. Cholera hogs lie in 
the bed most of the time and become thin and emaciated. They may 
e constipated at first, but are likely to scour later. Fits or convulsions 
are tairly common symptoms of cholera in young hogs. 

The early symptoms of cholera resemble those of influenza and 
ot er acute infectious diseases. It is extremely important that an early 
t’e made. The body temperatures of the apparently 
we I hogs should be taken, and in case a large part of the apparently 
well portion of the herd have temperatures above 104°F, hog cholera 
should be suspected. Herds affected with cholera may be treated with 
cholera antiserum and virus, or with antiserum alone. It should be 
remembered, however, that visibly sick hogs will probably not recover 
and even some of the apparently well swine may die. 

Vaccination. Hog cholera may be spread in many ways. No section 
of the Corn Belt is free of the disease. Outbreaks occur whenever 
feeder hogs are moved from the farm to livestock centers and back to 
the farm. Stockyards, sale barns, stock cars, trucks, garbage feeding, 
nogs, birds, men, wagons, automobiles, streams, and probably many 
other factors favor the spread of the hog-cholera virus. A very im- 
portant factor in perpetuating hog cholera is faulty or careless vaccina- 
tion. Cholera outbreaks are not uncommon in vaccinated herds. The 
only safe, sure way to control hog-cholera losses in infected areas is 
hy means of effective vaccination. The most widely used method is the 
simultaneous use of anti hog-cholera serum and hog-cholera virus. 

Vaccination can be done at any time, but it is usually better to 
vaccinate at or near weaning time. It is not desirable to vaccinate, 
castrate, ring, worm, and wean the pigs on the same day. A more 
satisfactory practice is to castrate at 3 weeks, vaccinate at 6 weeks and 
Wean at 8 weeks of age. If pigs must be vaccinated under 6 weeks of 
age, animals kept for breeding should be revaccinated. Certain pre- 
cautions should be taken before vaccinating with serum and virus. 
Ordinarily only healthy pigs are vaccinated. It is also advisable to 
reduce the feed for 12 hours prior to vaccination and to keep the pigs 
hungry for 10 days afterwards. Pigs should have access to clean quar- 
ters and plenty of fresh water at all times following vaccination. 

In general, the losses from cholera which follow vaccination can 
be attributed either to poor virus, inadequate scrum, or to the t accina- 
tion of sick pigs. , . . , , 

Crjslal- Violet vaccination. Vaccination with Boynton’s Tissue \ ac- 
cine (B.T.V.) and Crystal Violet Vaccine has gained some fasor i.n 
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the last few years, but is not generally practiced as yet. One disad- 
vantage in the use of these vaccines is the time required for immunity 
to develop following vaccination. From an idealistic standpoint these 
vaccines have certain advantages, chief of which is the fact that there 
is little or no danger of hog cholera being caused by their use. How- 
ever, as yet the immunity produced does not appear to be as complete 
and lasting as when serum and virus are used. 

ENTERITIS 

Other than cholera, the most serious economic diseases of swine 
involve the intestinal tract and are commonly referred to as either 
enteritis or “necro,” Enteritis means inflammation of the intestine, 
and “necro” refers to necrosis, or death of tissue. Hence, it should be 
readily understood that either enteritis, “necro,” or necrotic enteritis 
are only lesions (tissue changes) and are not disease entities. Some 
progress has already been made toward an adequate understanding of 
enteritis, but there is still need for more exact knowledge of the sub- 
ject. The most intelligent approach is to consider enteritis as an in- 
flammation of the intestine and then attempt to find out what is caus- 
ing the inflammadon. In other words, it is not enough merely to have 
a diagnosis of enteritis or “necro” without trying to ascertain the pre- 
cise cause of the enteritis. 

In addition to transmissible gastro-enteritis, there are two impor- 
tant specific infectious diseases which cause an inflammation of the 
intestine. These are swine dysentery and hog cholera. 

SWINE DYSENTERY 

This disease is commonly referred to as bloody scours, bloody 
diarrhea, or black scours. Swine dysentery always causes an enteritis, 
more particularly, an inflammation of the cecum and colon. The 
clinical manifestations of dysentery are quite characteristic in that 
there is a diarrhea which is commonly called black or bloody scours. 
In young swine the bowel discharge usually contains mucous and 
easily recognizable blood. In older animals the blood in the bowel dis- 
charge may be changed so as to give the feces a dark color. The in- 
cubation period is usually from 1 to 2 weeks. Both longer and shorter 
incubation periods have been observed. The death loss is ordinarily 
considerably higher in young than in old swine. The average death loss 
is about 25 percent of the alTcctcd herd; however, it may vary from a 
few percent to 75 or 80 percent. ^ 

On post-mortem examination, the intestinal damage m dysentery 
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IS found to be limited to the large intestine. There is sometimes an 
inliammation of tlie stomach. The damage to the intestine is charac- 
teristically superficial. There is not the deep damage of the intestinal 
wall that is sometimes found in cholera. 

In order to reduce the spread of dysentery it is advisable to scatter 
the hogs as widely as possible. Although no specific effective medicinal 
or biologic remedy has been known in the past, the use of streptomycin 
or aureomycyin in the feed has shown promise in recent e.xperiments. 
Following an outbreak of dysentery it usually is necessary to reduce 
the intake of corn and supply a bland diet, then gradually return the 
hogs to full feed. Recurrences of diarrhea are frequent in this infec- 
tion. Ultimately, all hogs that have been exposed to the disease or 
that have recovered should be marketed. It is difficult to rid the houses 
and yards of infection. The manure and other litter in the yards should 
be removed and plowed underground. After cleaning and disinfection 
of the houses and removal of manure and litter from the yards and 
pastures, they should not be used for swine for at least 4, but prefer- 
ably 6, months. 

An early diagnosis is extremely important in the control of dysen- 
tery. It is advisable for the attending veterinarian to autopsy one or 
more of the sick hogs. 

SWINE POX 

Swine pox is caused by a virus and is widely distributed in the Mid- 
west. It is an important disease of young pigs. The symptoms of po.t 

a partial or complete loss of appetite and an elevation of body 
temperature. Following these early symptoms, roundish vesicles or 
blisters and later scabs appear on the skin. These skin eruptions 
are most commonly seen on the ears, neck, undersurface of the 
body and inside of the thighs. Occasionally all parts of the skin are 

.involved. 

Perhaps the greatest danger associated with po.x is that affected pigs 
may acquire pneumonia particularly when e.xposed to cold, croivded. 
and draughty quarters. Swine which show lesions of pox should not be 
vaccinated against cholera until complete reeoseo’ has occurred un- 
less cholera threatens the herd. 

The treatment of pox consists of feeding a light ration and supp >- 
lag the hogs with clean, comfortable, dry sleeping quarik-rs. n 
Cared-for herds the death rale is usually very- low There is e'a-e-'--- 
indicating that lice may spread po-x. Hence, tht. e inimaiieri 
parasites should help reduce the spread of the disease. 
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INFLUENZA. 


Influenza or swine “flu” is one of the most common infectious dis- 
eases of hogs. It is caused by a virus. The virus is present in the dis- 
charges from the nasal passages of affected swine. There are very few 
swine farms in the Corn Beit that do not have “flu” at least once a 
year. The disease occurs many times without known exposure to hogs 
which have influenza. In fact, the disease seems to appear on certain 
farms every year, which has led investigators to attempt to find the 
reason for such regular recurrences. It is now believed that the “flu” 
virus may reside in the eggs of the lung worm which are taken in by 
the common earthworm, which, in turn, is eaten by swine, resulting in 
a transfer of the virus. This could be a possible explanation of the 
carry-over of “flu” from year to year on farms. 

Influenza is seen more frequently when the weather is changeable. 
Feeder hogs that pass through stockyards, sales bams, or other live- 
stock centers may show symptoms of the disease when they arrive in 
the 'feed lot. 

The most characteristic symptoms are high body temperature, pros- 
tration, and muscular soreness. Abdominal breathing or “thumps” is 
very often observed. An early diagnosis is essential in swine in- 
fluenza, since forced exercise or handling increases the danger of death 
from pneumonia. 

It is essential that influenza be distinguished from cholera. During 
the early part of an outbreak the history and symptoms may be similar 
and the veterinarian who examines the herd may, at first, have diffi- 
culty in determining the precise disease involved. If the symptoms are 
not characteristic, one or more sick hogs should be killed and ex- 
amined by a competent veterinarian for post-mortem lesions. ' 

Ordinarily the death loss from swine influenza is low in well-cared- 
for herds. There is no vaccine which will protect the hogs against- 


influenza. The effective treatment for “flu” consists in reducing the 
feed and protecting the herd from exposure to cold. A quiet, well- 
bedded, comfortable place should be provided for the sick herd. It 
is also advisable to refrain from unduly exciting or handling any of 
the affected swine. The sick hogs should not be fed grain until they 
show signs of being hungry. Even then they should be brought back 
to lull feed very gradually. Plenty of clean, fresh water conveniently 
located should be provided at all times. • 

It is often impossible to supply the best of facilities for sick hogs. 
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but swine “flu” is best handled by furnishing a liberal bed of straw 
and clean, well-ventilated quarters for the entire herd. A deep shed 
that IS open on one side, usually the south, is a more desirable place 
tor sleeping quarters than the farrowing house. 

Influenza generally continues for 10 days to 2 weeks. A few hogs 
commonly develop broncho-pneumonia. These should be separated 
from the well hogs. The recovered hogs soon regain their weight if 
the caretaker is careful and uses good judgment in returning the swine 
to full feed. 


TUBERCULOSIS 

Tuberculosis is an infectious disease of mammals and birds. Cattle, 
hogs, and poultry are the farm animals most commonly affected. There 
are three types of the germ, the bovine, avian, and human; the first 
two commonly infect hogs. Previous to the accreditation of the Central 
and North Central States for cattle tuberculosis, swine tuberculosis of 
cattle origin was common. At the present time the poultry type is 
responsible for most of the condemnations in abattoirs where federal 
inspection is maintained. 

The bacillus of tuberculosis invades the body tissues and destroys 
them. The characteristic lesion of the disease is the tubercle. The 
tubercle is small at first, but increases in size as the disease progresses. 
In advanced or generalized tuberculosis, masses of tuberculous tissue 
form in the lymph glands, liver, lungs, spleen, and other organs. In 
open cases of the disease tuberculous material is discharged into the 
air passages, intestine, and milk ducts. Pigs become infected by nursing 
tuberculous sows. Chickens and turkeys that have tuberculosis infect 
hogs if allowed to range in the hog lots and pasture. Hogs that follow 
tuberculous cattle often suffer from generalized tuberculosis. 

Tuberculosis cannot be diagnosed in the early stages of the disease 
by the symptoms alone. The only reliable way to diagnose the disease 
IS to test the herd with tuberculin. Herds in which generalized cases 
of tuberculosis are found on autopsy should be tuberculin-tested b> a 
veterinarian. All hogs that are shown to have tuberculosis nia> be 
slaughtered under federal inspection. Young hogs or pigs that mact 
to the test should be slaughtered and their carcasses disposed of by 
burning. The nonrcaciing hogs may be moved to clean ground and 
retested at 60-day intervals until they have passed two cfean tesu. 

It is advisable to vacate the central hog house and vardi for frurii f> 
to 12 months. Quarters that cun be thoroughly cleaned nuv be uved 
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in about 6 months after all manure and other litter are removed to a 
safe place or burned and the house disinfected. 

It is not difficult to maintain a tuberculosis-free herd. All breeding 
hogs added to the herd should be tuberculin tested. Poultry should not 
be allowed free range or contact-with hogs unless the birds are known 
to be free from tuberculosis. Hogs that follow feeding cattle should 
not have any contact with the breeding herd. The by-products of 
creameries and cheese factories should not be fed to hogs without 
pasteurization. Garbage collected in towns and cities should be cooked 
before feeding it to hogs. 

BREEDING TROUBLES 

Since swine produce a number of offspring at one time, estimates 
of fertility are difficult to make. Complete sterility in swine is ap- 
parently less frequent than in cattle, but lowered fertility is known 
to occur. 



Fig. 111. Orchitis (inflamation of 
the testicle) due to brucellosis (cottr- 
iesy, Ind. Exp. Sla.)- 


Reproductive failures in swine may be due to various factors. The 
information available calls attention to the problem in swine, but few 
specific measures for the correction of infertility have been described. 
It should be pointed out that certain defects in reproduction may be 
hereditary and, therefore, arc not amenable to irealment. Treatment 
of infertility in individual swine is often of doubtful economic value. 
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When infertility is encountered as a herd problem, the veterinarian 
should endeavor to find the cause or causes and then attempt to pre- 
vent or control the condition. 

Reproductive failures may result from (1) inability or reduced 
ability to produce ova (eggs) by the sow or sperm cells by the boar, 
(2) lack of sexual desire, (3) death of ova or sperm cells prior to 
fertilization, (4) failure of implantation of fertilized ova in the uterus, 
(5) arrested or abnormal fetal development, abortion, or fetal re- 
sorption, and (6) stillborn pigs at full term. The incidence of these 
various causes of infertility are not completely known. 

Studies conducted on sows indicate that of the ova shed, about 36 
percent are not fertilized; 19 percent die between conception and 
parturition and 16 percent of the pigs die between parturition and 
■weaning. Thus, of the 15 to 40 ova produced by a sow at the time of 
estrus (heat), only approximately 30 percent are represented by live 
pigs at weaning time. 

The percentage of stillborn pigs averages about five percent. Asdell 
and Williams ^ reported an incidence of 6.6 percent stillborn pigs, 
exclusive of mummified fetuses, in a total of 1882 pigs born over a 
5-year period. They associated large litters and old sows with high 
numbers of stillborn. More stillbirths were recorded in spring litters, 
of which many showed iodine-deficiency symptoms. Of 127 stillbirths, 

8 were attributed to immaturity, 18 to over- or undersized org.m,s, 

19 to pathologic conditions, 19 to endocrine disturbances, 5 to de- 
formed skeleton, 13 to accidents during birth, and 45 unclassified. 
Microscopic examination of lungs revealed a preponderance of open 
or partially open air sacs. This finding, coupled with the fact th.it 9 
stillbirths were recorded in the first half of the litters bom. and 45 in 
the second half, led the authors to consider sutfocation during birih 
as an important cause of death. It has been observed many limes ih.il 
the number of stillborn pigs increases with the length of p.irturition 
Attempts by Asdell and Williams to hasten parturition nidi piiiiilrin 
gave inconclusive results, although initial success suggested fe.'i.hef 
trials should be made. 

E.\ce.ssi\e use of either young or old boars often results m rej-ro- 
duclise failures. Allossing the bisar to run vsiih ssi.ss uhere.n. .he : a, 
I>erform several matings a day often results in sauil or le-ser ..;:e.'» 

It has been shovsn that even tsso services [vr das mas te u.;Je..;j‘ e 

•S. A. .VsCtll l-vJ J, 1‘. VS.'.a-.s. -ts-- 1 — > ./ s., ■ 
la C'aaUsl ll.- A .ls,_- Xss. SA. .ViS-Jsi (1-tls 
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since the second ejaculate is smaller, and the testes require a rest to 
restore normal sperm-cell formation. 

Cryptorchism. Cryptorchism (retention of one or both testicles in 
the abdominal cavity) in male swine is an inherited characteristic. 
McPhee and Buckley - claim that most of the evidence on cryp- 
torchism can be accounted for on the basis of a monogenic sex-limited 
recessive. They showed that in she generations of brother-sister mating 
there were about 40 cryptorchids, both unilateral and bilateral, out 
of some 250 boars. The only certain method of eliminating cryptor- 
chism is by discarding all animals which have been the parents of 
cryptorchids. 

Pathologic conditions affecting reproduction. Concretions and pre- 
putial calculi occasionally occur in the male, resulting in difficult 
urination and inability to protrude the penis. These conditions are 
easily detected and are not difficult to correct. Screwworms may infest 
the prepuce and cause swelling and distress to the animal. 

Specific reproductive diseases of swine have not been studied ex- 
tensively. Metritis (inflammation of uterus or pig-bed) is not so com- 
mon in the sow as in the larger animals. Retention of the placenta 
(afterbirth) is also less frequent and may be a factor in the lowered 
occurrence of metritis. Recommended treatments consist of irrigation 
and removal of the offending material which is attended by some diffi- 
culty due to the small size of the genital organs. 

Vulvo-vaginitis has been reported in Australian and American 
literature and observed by many workers. Females of all ages are 
affected, even the suckling pig. The cause is not definitely known, but 
a similar, if not identical, condition has appeared in herds where moldy 
corn and moldy barley were being fed. Marked enlargement of the 
vulva is usually accompanied by symptoms of estrus, a catarrhal 
exudate, and general unthriftiness of the affected pigs. Accompanying 
prolapse of the rectum is not uncommon, and the death rate is said 
to be high. Treatment consists of discontinuing the feeding of moldy 
com or other suspected feeds. 

RHEUMATOID CONDITIONS OF SWINE 

The condition or conditions which are here designated as rheuma- 
toid disease include joint and skin lesions as well as heart lesions and 
some lesions of the other vital organs which are commonly seen in 

aw C McPhee and S. S. Buckley, “Inheritance of Cryptorchism in Swine," J. 
Hete'd.. is, 295-303 (1934). 
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swine. These disease manifestations appear to be somewhat similar to 
rheumatic and rheumatoid disease in the human. 

The importance of this condition, or these conditions, is generally 
recognized. Many hog growers find it difiBcult at times to raise swine 
profitably because the animals develop rheumatoid conditions. The 
damage done in affected herds is extremely variable. The occurrence 



112, A pig afflicted with a rheumatoid condition similar in rtianv rcspctts 
to arthritis in humans (courtesy. tnJ i 


or reoccurrence of the disease is unpredictable In some herds less 
dian 1 percent of the swine are alfectcd. In other herds mure ih.m 10 
percent are seriously alTccted. 

The clinical syinpioriis are quite variable In sotue earl> ca-.ev the 
body temperature may be as high as lOS F Soii:e vt the 
show few other s)inplonis and soiiiclimes lhe> mal-e r.* 

coNcries without any treatment Frequent!) there i> c> Je;:-e « / (- 

ness or stillness which sueeests muwular and g-i.-j \ 

'shifting lameness may be observed In the carl# iie.es re ‘ . i • 

be unable or unwilling to walk in ..h.:e cr 1..* : v. . /.d - a -* -i 

lesions nu\ be conspleuv'as lh-e>e sk^n les » — i* • — • - 
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areas of redness or they may be diffuse. These reddened areas are 
usually hard and may slough at a later time. 

In the chronic stage, rheumatoid disease is mostly evidenced by 
joint lesions, which are quite conspicuous. The joints become enlarged 
especially the knee and hock. The amount of disability depends to a 
large extent on the degree of damage in the joint. 

The death loss is usually low, but the stunting and unthriftiness are 
serious and result in economic losses. 

Erysipelas. It is probably already apparent that the disease condi- 
tion or conditions described here correspond to what is being called 
swine erysipelas, attributed to infection by the bacterium Erysipelo- 
thrix rhusiopathiae. The question of the cause of rheumatoid disease 
or swine erysipelas is in need of critical re-examination. In other 
words, there is rather general agreement that it is difficult or im- 
possible to cause the disease in swine with cultures of Erysipelothrix 
rhusiopathiae experimentally. Recommendations for handling this 
condition must await further research as to its precise cause. 

CASTRATION 

The owner or herdsman usually takes the responsibility of castra- 
tion of the male pigs. Many swine raisers do not employ a veteri- 
narian and, unfortunately, the operation is often performed in a 
careless and harmful manner. 

Pigs may he castrated when veiy young or up to a few months of 
age. It is usually not advisable to castrate pigs at weaning time because 
the effect of both weaning and castration is apt to be sufficient to 
retard growth. The castration of older boars is best left to the veteri- 
narian, since he has the necessary equipment and is better able to 
perform the operation with greater safety to both the animal and 
the operator. 

Castration may be performed at any time of the year, but it is well 
to consider that screwworm infestations may occur in the summer 
months. Such complication will make castration results e.xtremely un- 
satisfactory. All cases of scrotal hernia should be operated by a 
veterinarian. 

PLANT AND OTHER POISONING 

Young cocklcburs and water hemlock arc the most common causes 
of plant poisoning in swine. The poisonous principle in water Iicmlock 
is concentrated in the roots and young shoots. Young cocklcburs in 
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the two-leaf stage are poisonous. Poisoning from these plants is most 
common in the spring and early summer; however, occasional wet, 
warm periods in the fall may result in young shoots starting again with 
resultant poisoning. 

In water-hemlock poisoning the symptoms are nervousness, mus- 
cular twitching, and severe convulsions followed by death. The symp- 
toms of qocklebur poisoning are depression, vomiting, staggering, and 
labored respiration. Death follows in a few hours. 

In suspected plant poisoning, the pastures and lots should be 
examined carefully for weeds. Water hemlock grows most commonly 
along small streams, while young cockleburs are usually found in 
washed-out areas of the pasture. 

One or more of the dead or sick hogs should be examined post 
mortem by a veterinarian. If the examination reveal^ no evidence of 
an infectious disease and the pastures are found to contain poisonous 
weeds, some of which have been eaten, the entire herd should be 
moved to safe premises. 

Other toxic substances frequently reported as being tlie cause of 
swine troubles are salt, protein, and pitch. 

The evidence regarding salt poisoning is not clear. In experimental 
trials salt has failed to poison hogs even when salt had been withheld 
for several weeks. Under certain conditions, which were not present 
in these experiments, salt may be injurious to swine. Swine raisers 
should not avoid feeding salt in the ration because it has been shown 
to be of value in the diet especially in reducing the cost of weight gains. 
The belief that protein poisons hogs has even less support than salt 
poisoning. 

If swine eat pitch from any source, poisoning and death may be the 
result. Several cases have occurred where swine ucre turned into 
pastures formerly used for trap shooting. This poisonous material 
may remain in the fields for years. Several cases have occurred where 
pitch products were used to coat pipes. 

Accidental cases of poisoning by such substances as paris green 
and mercury have occurred. Paris green, in these eases, was K-mg 
used as an insecticide, and mercury in the treatment of seed PiUeiituI 
danger of present day rat poisons should bo considered \riu-n 
these substances where there are swine. 
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Hammond, 288; and Dunn, 340, 437 
F 

Fairbanks, Kn'dcr and Carroll, 228 
Farrowing, preparation for, 74; crate sys- 
tem of, 78; preliminary care and feed- 
ing, 81; records, 81; care at, 82; ob- 
servations of, 84; feeding just after, 88; 
feeding mixtures at, 256 
Fat, compounds essential. 160 
Feeds, protein content of, 165; swelling 
property of, 182; fiber content of, 183 
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Feeders, Judging, 533 
Ferrin, 189, 340, 419, 352, 431, 450, 451; 
and McCarty and Carlson, 95, 333; 
and McCarty, 188, 377, 430, 432; and 
Johnson, 327; and Winchester, 435, 
436 

Feterita, 436 

Fish meal, 357; production of, 358; com- 
pared with tankage, 359; menhaden and 
white, compared, 360; compared with 
buttermilk, 362; compared with soy- 
bean oil meal, 362 
Fjeldsted and Potter, 448 
Floors, tilted in farrowing house, 81 
Forage, crops of highest value, 48; 
superior nutritive value of, 236; vs. dry- 
lot feeding, 237; value of an acre, 238; 
summary of benefits, 239; choosing a, 
crop, 242; essentials of an ideal, 242; 
composition of, 243; mixtures, 256; rec- 
ommended for different areas, 264; 
methods of feeding on, 273; care and 
management of pigs on, 293 
■ Forbes, 195. 210 

Foster and Vestal, 77; and Hostetler, 363, 
396 

Fraser, 493 

Freeman, 43, 422, 426 
Freight rates, 470 
Freyer, 381, 391 
G 

Gains, rate and cost of, 155; curve show- 
ing cost of, 157; composition of, 157; 
amount fed influences cost of, 158; feed 
cost of edible food, 159 
Garbage, kitchen, 368; processed, 372 
Garner and Sanders, 101 
Geiger, 168 

Genital, gross abnormalities, organs, 13; 
organs of boar, 560 

Gestation, length of, 14; pregestation ra- 
tions affect farrowing results, 46; some 
good rations during, 62; regulating 
amount fed during, 63; methods of 
feeding during, 64; self-feeding during. 

65 

Gilts, age to breed, 14; bred, require pro- 
tein supplements, 37; alfalfa bay for 
bred, 41; exercise for pregnant, 142 
Gobble, Miller, Zciglcr, and Bentley. 

248 ' 

Codby, 263; and Durant, 196 
Grahanr and Uoughton, 91 
Crains, cereal, deficient in sitamin A; 
food dcliciencics of cereal. 191; com- 
position of, 405: hogging-off small. 

311 

Cramlich and Jenkins. 339 
Crcca Urugnian, and Winters, 103 


Grimes and Havner, 42, 43 
Grummer, Bray, and Bohstedt, 187 
H 

Haas and Ezekiel, 500 
Hackedorn and Sotola, 449, 360 
Hadley and Bauman, 509 
Hainsworth, 1 

Hairless pigs, iodine prevents, 52 
Hale, 57, 269, 392 

Halverson, Hostetler, and Smith, 316; 

and Hostetler and Sherwood, 442 
Hammond, 117, 128 
Hamprace, 554 
Hampshire, 543 
Hart, 51, 325 

Hay, alfalfa, for bred gilts, 41 
Hayes, 432 
Hayward, 381, 382 
Headley, 283, 331, 430 
Heat, symptoms, 9; artificial, saves pigs, 
76 

Heitman and Hughes, 134 
Henry, 335 

Herd, housing and management of breed- 
ing, 134; lotting and grading breeding, 
140; exercise for, 141; sanitation of. 
145; ideals in breed and, improvement, 
578 

Hereditary variations, 561 
Hetzer, Lambert, and 2eIIer, 116; and 
Brier, 119 
Hilton, 364 

Hogan, 45, 51, 142; and McRobcrts. 58 
Hogging-off com, 296; vs. yard feeding, 
296; advantages and disadvantages of, 
299; supplemental crops adjacent to, 
308; vs. kafir, 309; field management, 
310 

Hogs, growth curve and daily gain of. 
150; butcher, 485; vary in carcav> 
value, 486; factors affecting price of. 
496; relation of supply and demanJ, 
496; factors affecting supply of. 497. 
numbers innucnccJ by corn supplier. 

497; hog-corn ratio affects supphet. 

498; price of, by months. 301; juppoit 
and ceiling prices. 3U2; cvporl demand 
affects price, 503: supply of. sarics wiih 
season. 505; seasonal priwc thana?' 
and causes, 507; judging. breeders 
types of, 515; breeds of. 535 
Holden. 251 

Hominy feed, compared wuh worn. 4f’. 
high-fal. may rrodu.c »s.ft sa.'.a'«.-i, 

438 

Hopkins, 433 
Hosictlcf. 

House. upenf/vr:, D*. ...as- 

pcasise 
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Houses, central and individual, compared, 
136; line drawings of types of, 138; 
disinfecting hog, 585 
Hughes, Aubel and Leinhardt, 55, 220; 
and Hart, 57, 127, 131; and Crampton, 
Ellis, and Beeson, 164; and Beeson, 
Crampton, and Ellis, 174; and Inner, 
342, 370 
Hunziker, 337 
Hurt, 369 
Hutchings, 584 

Hutton, Queensbury, 2e]ler, and Davis, 
554 


In-breeding, 115, 572; is it safe, 573; 
hazards involved in, 574; observation 
of effects, 576 

Individuality, related to breeding per- 
formance, 581 
Influenza, 600 
Intestines, capacity of, 153 
Iodine, prevents hairless pigs, 52 
Inner and Hughes, 148 


Jackson, 294 

Jenkins, 437 

Johnson, 353, and Wright, 108; and 

Palmer, 227 

Jones, 439; and Brown, Miller, and Boo- 
her, 271 

Joss, 371 

Judging, 514; sound ideals in, 514; 
changes in type or ideal, 516; market 
barrows, 518; score card for, market 
barrows, 525; iocafion of points in, 
market hogs, 526; sows and boars, 532; 
feeders, 523 


K 


Kafir, vs. com for hogging-off, 309; and 
corn compared, 433; methods of feed- 
ing, 434 
Kalkus, 53 
Kaoling, 436 
Keepper and Dunn, 299 
Keith, Miller, and McCarty, 164; and 
Miller, 199; and Miller, Thorpe, and 
McCarty, 228 

Kennedy, Eward, Kilde, and Robbms, 
242; and Eward, 249; and Bobbins 
and Bouska, 327 

Kirk, and Crown, 202, 442, 450; and 
Gratz and Whitehurst, 317 


Knox, 93 

Krabill. 345, 346 

Krauss, Erb. and Washburn, 336 

Krider, Curtin, Wallace, and Tcrnli, 45 


Kuhlman and Wright, 330; and Wilson, 
■ 329, 354 
Kyzer, 361 

L 

Ladino clover, 246; vs. alfalfa, 246; com- 
pared with orchard grass, 248 
Laible, 152 

Lambrecht and Garey, 469 
Lard, per capita consumption of, 5 
Lathrup and Bohstedt, 178 
Legumes, other, valuable for winter feed- 
ing, 48 

Lehrer and Hodson, 445; and Beeson and 
Wilson, 44S 
Lewis, 11 

Lighting, artificial, for pigs, 189 
Lime deficient rations produce rachitis, 
211 

Line-breeding, 572 

Linseed oil meal, 386; composition and 
feeding qualities, 388; compared with 
soybean meal, 389 

Litters, ear notching, 86; size of, 110; 
size of as affected by breed and type, 
118; effect of size of, on birth weight 
of pigs, 125 
LoeffeJ, 226 
Lomax, 240 

Longwell and Severson, 218 
Louse, hog, 588 
Lovejoy, 79 

Lush, 14, 132; and Shearer and Culbert- 
son, 115, 121, 125; and Hetzer and 
Culbertson, 132 


M 

McCampbell, Ferria and Winchester, 339 

McEJroy, 445 

McKenzie, 132, 558; and Marshall, 9; 
and Miller, 9, 560; and Miller and 
Baugucss. 12; and Johnson, 117 

McMilien, 258, 268; and Luccke and 
Thorp, 228; and Brown and Lucckc, 
447 

MePhee, 132, 574; and Buckley, 604 

Mange, 588 

Margins, packer and distributor, 501 

Market, choosing a, 479; improving, 
services, 483; news service, 484; classes 
and grades, 484 

Marketing, 465; time of affected by full 
vs. limited rations, 276; channels of, 
465; cost of, 470; shrink and other 
losses in transit, 471; death and cripple 
losses in, 475; bruises costly, 476; 
precautions which reduce losses in. 
477; direct, 480; at different weigliis, 
508 
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relaled to number 
sold, 466', location of, 467; transporta- 
»cin/°’ 469; terminal charges, 470: 

posted, 483; suitability 

of, 580 

Marehali and Hammond, 11; and Davis, 
365 

Martin, 55, 258, 262, 440 

Mating, systems of, 19 

Maynard, 161, and Goldberg and Miller, 

- 426; and Bender and McCay, 358 
Meat, per capita consumption, 5 
Meat and bone scraps compared with 
.,?omplex supplements, 203 
Middlings, standard wheat, 377 
Milk, obtained from each teat, 85; pro- 
duction by sows, 127; composition of 
sows, 130; vitamin content influenced 
oy diet, I3I; food deficiencies of, 325; 
composition of, products, 326; rules 
to observe in feeding, products, 336; 
342^ containing, by-products. 

Miller, 558 

264; proso. 436 


O 

Oats, 412; and corn compared, 414- 
whole vs. ground, 416; hulled 417- 
value of ground, 414; for brood sows! 
415; should be ground, 415; free-choice 
feeding of, 417; corn vs. hulled, 418- 
soaking and wetting, 420; fermenting 
with yeast, 420; forage, 256 
O.r.C, 547 

Olofsson and Larsson, 156 
Orchitis, 602 
Orphan pigs, raising, 101 
Orr and Crowther, 359 


compared with kafir and corn, 435 


Minerals, trace, 169, 218; feeding stand- 
ards, 170; content of feeds, 171; de- 
p of cereal grains, 209; efifect 

“fificiency of, on size and strength 
of bones, 209; commercial. 219; feed- 
ing, with limited rations, 287; feeding 
With an animal supplement, 288; vs. no 
minerals on forage, 291; suitable, mix- 
tures, 293 

Minnesota No. 1, 551; No. 2, 553 
Mitchell, H. H., 51, 168, 171; and Mc- 
Clure, 51, 54, 219; and Hamilton, 157. 
160 

Mitchell, M. Paul, 479, 483 
Molasses, cane, 448; as a substitute for 
corn, 450 

Montana No. 1, 554 
oore, 541; and Roepke and Ferrin, 421 
^*0"ison, 164, 165, 335, 349, 376, 384, 
inn Bohstedl and Lacey. 

199 and Bohsfedt and Fargo, 221; 
and Fargo and Dohstedt, 332 
Morrow, 273 
Mutton and Iamb, 
tion. 5 


per capita consump- 


^eal, Decker and Arnold. 451 
NewtUnd. Wallace and .Mc.Millen, 7S 
Ncvi. lander and Jones. 85 
Nipples, inserted. 102 
Nordby. 116, 533 

Nutrients, recommended, allowances, dur- 
ing piegnano, 61 


Paearlberg, 321 
Palmo midds, 378 

Parasites, internal in swine, 586; external. 
588 

Parkes, 117 

Parrish, Aubel, Wheat, and Hughes. 132 
Peanuts, grazing, 317; summary of ex- 
perimental results, 442; produce soft 
pork, 443 

Peas, Canadian field, 225; cull, 443 
Pedigree, an aid to selection, 581 
Pence, and Vestal, 266 
Performance, feed-lot, 579; final test of 
value, 583 

Peters and Ferrin, 65 
Pifer, 81 

Pig, food demands of, 147, 159; growth 
curve and daily gain, 150; maintenance 
requirements, 160; protein require- 
ments, 163; quality of protein impor- 
tant, 166; lysine essential, 167; >itamins 
necessary, 173; cost at weaning, 462 
Pigs, fall-farrowed profitable. 16; mul- 
liple-Iitter system of production, 16. 
death losses in young, 68; causes of 
losses before weaning. 69; mortality 
distribution, 70; baby-pig disease. 71; 
fail and spring losses compared, 72; 
temperature drop m new born, 78, 
milk obtained by nursing, 85. anemic. 

92; skim milk and tankage for nursing. 

95; antibiotics stimulate growth, 97. 
raising orphan, lOI; weaning, 1U\ 
gains from birth to wca.ning. 10^: 
birth weight. III); sanation in Liter 
numbers, 113; number of. raised, n-nv- 
ber bom dead. 120. birth weight. 121 
birth weight related to wem-.-g ar-J 
market weights, 122; gai.n ffui.j b.n.h 
to wearung. 123. set rat.o. 1)2 it's 
of Jesclopme.it, 14S. cf. reJaied 

to d.grslise capa^itv, I ^ 1. rals •./ fa. * 
and feed k,/ prud— .tKf?. 

ga..a e»s-r-k-m-«a...;. H’. 
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cal composition of gains, 157; diets for 
100-lb., 180; grazing capacity of, 236; 
grazing habits of, 294; slaughter, 485; 
feeder and stocker, 486 
Poisoning, plant and other, 606 
Poland Ch^as, 536 
Pollock, 504 

Pork, factors favorable to production, 
3; per capita consumption of, 5; limi- 
tations and handicaps to, production, 7; 
peanuts produce soft, 443; cost of 
producing, 453; factors responsible 
for differences in cost of production, 
of, 456; cost of production based on 
exp. data, 459; export demand affects 
price, 503; cold storage holdings, 509; 
standard cuts of, 528 
Posterior paralysis produced by calcium- 
and vitamin-deficient rations, 211 
Potatoes, sweet, for grazing, 313; value 
compared in combinations, 314; hog- 
ging-off, with soybeans. 315; compared 
with corn, 446; dehydrated, 447 
Pox, swine, 599 

Pregnancy, calcium supply important dur- 
ing, 50 

Prepotency, 565 

Price, relation of supply and demand, 
496; consumers’ income affects, 499; 
demand factors affect, 499; export de- 
mand, dietary habits, population in- 
crease affect, 504; seasonal variations 
in, of hogs, 505; daily fluctuations in, 
and supply, 510 
Proctor and Wright, 182 
Proso millet, 436 

Protein, not so necessary with alfalfa 
hay, 44; recommended, allowances, 
164; content of, feeds, 165; quality of, 
important, 166; a limiting factor in 
growth, 192; kind of, supplements im- 
portant, 196; animal compared with 
plant, supplements, 196; feeding for 
limited periods on forage, 288 

Q 

Quafe, 265 
Quarantine, 592 


R 

Rachitis, lime-deficient rations produce, 
211 

Raffenspcrgcr and Connelly, 89 

Rape, dwarf essex, 253; early vs. late, 
254; winter, 255; compared with soy- 
beans in com, 307 

Rations, some creep. 96; components ot 
milk-producing, 98; examples of Jacta- 
tion, 99; importance of palatabiUty, 
laxative qualities, economy in, 185, 


186, 187; alfalfa improves winter, 200; 
full vs. limited, on forage, 274 
Records, breeding, 24; production-regis- 
try, 106; herd, 108 
Red dog, 377 
Registry associations, 555 
Reversion, 563 
Rheumatoid condition, 604 
Rhinitis, infectious, 594; atropiiic, 595 
Rice, composition of, by-products, 440 
Rice, 10, 273; and Mitchell and Laible, 
54; and Mitchell, 288; and Laible, 417 
Roberts and Carroll, 125 
Robison. 11, 148, 177, 186, 196, 197, 204, 
206, 228, 285, 305, 327, 353, 354, 360, 
382, 385, 386, 392, 398, 414, 426, 427, 
430, 438, 440, 474; and Jones, 312, 437 
Ronunell, 110 
Roots, 447 

Rooting, mineral-deficient cause, 289 
Ross, Phillips, and Bohstedt, 45 
Russell, 123; and Hutton, 124 
Rye, forage, 258; production and compo- 
sition, 430; compared with corn, 430; 
methods of feeding, 432 

S 

Saint-Pierre, Morrison, and Williams, 158 
Salt, requirements, 170; required for 
health, 214; not so necessary with 
animal supplements, 216; poisoning 
uncommon, 217 

Sanitation, McLean Co. System, 89; of 
herd, 145; measures for control, 584; 
as related to management, 584 
Schwab, 326 
Sevenson, 70, 121, 132 
Sewell, 392, 393 
Sex ratio, 132 
Shark meal, 365 
Shaw, 223 
Sheely. 270 

Shepherd, 480, 494; and Beard and 
Erickson, 493 
Shepperd, 85, 294 
Shipping, by rail and truck, 468 
Shorts, wheat, 376 
Shrimp meal, 366 
Sinclair, 227; and Syrotuck, 132 
Sisson, 147 

Skim milk, 326; proportions with com, 
327; money value of, 328; replacing 
with plant supplement, 331; adding 
alfalfa to, ration, 331; tankage com- 
pared with, 333; sweet and sour, 333; 
powdered, compared with tankage, 341 
Skinner and Starr, 398, 437 
Skull of pig, 147 
Slater, 486 

Smith, H. if., and Maynard, 283, 341 
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Smith, H. R., 336, 476, 478 

237; and Loeflel, 

196, and Burnett, 436 
Sorghum, sweet, 260; results from pastur- 
ing, 261; grain, 433 

Sow, genital organs of, 10, care and 
leedmg of, and litter, 68; milk flow of, 
110; feeding and condition at farrow- 
tng time, 114; effect of age on birth 
weight of pigs, 124 

Sows, when should farrow, 15; per- 
centages farrowing by months, 17; 
should be flushed, 25; rations for, dur- 
ing breeding season, 26; amount to 
feed, 27; feeding pregnant, and gilts, 
30; loss of weight during farrowing 
pd nursing periods, 31; curve show- 
ing weight fluctuations of, 31; protein 
and mineral needs of, 32; maintenance 
needs of, 34; corn alone not suitable 
tor pregnant, 35; corn and oats for 
pregnant, 38; alfalfa hay for bred, 42; 
replacing tankage with alfalfa meal 
for pregnant, 43; recommended allow- 
ances of critical nutrients for preg- 
nant, 61; gestation rations .for, 62; 
housing and care of, at farrowing, 68; 

T* j requirements for nursing, 97; 
self-feeding nursing, 101; culling un- 
poduciive, 107; fattening cull, 107; 
breeding cull, 107; spraying, not prac- 
tical, 108; milk production of, 217; 
packing, 485; prolific, 578; judging, 
and boars, 527; score-card for, 529 
soybeans forage, 262; planted in corn, 
301; effect on corn yield, 305; com- 
pared with rape, 307 
Soybean oil meal, 380; methods of manu- 
facture, 381; composition, 384; vs. 
tankage, 385; some type rations con- 
taining, 385 
Spaying sows, 108 
Spelt, 422 

Spermatozoa of boar, 558 
Spotted Poland Chinas, 538 
Steanson, 72 
Sleason and Wilcox. 453 
Storage, cold, holdings. 509 

261; and alfalfa compared. 

Sunshine, exercise and, important, 88; 
and \itamin D protect against rachitis, 

“23; cflccl on growing pigs, 225 
Supplements, animal and plant compared, 

196; complex for pigs, 202; complex, 
on pasture, 204; self-feeding not al- 
adsisable. 206; commercial mixed, 

207; rules for purchasing. 207; feedmg. 
on forage. 279; with limited ration* on 
forage, 2S5; supply of protein, 322; 


prices of protein, 322; packing house. 
345 

Sweet clover, 248; compared wjlh alfalfa 
and rape, 249 

Swine, world distribution of, 1; distribu- 
tion in U. S., 1; nutritive allowances 
for, 176 

T 

Tqmworth, 550 

Tankage, replacing with alfalfa meal for 
sows, 43; and soybeans compared, 197; 
and soybeans on forage, 301; vs. soy- 
beans in standing corn, 303; composi- 
tion of, 349; production of, and meat 
scraps, 348; different grades compared, 
349; vs. meat and bone scrap, 352; dry- 
vs. wet-rendered, 353; with alfalfa hay, 
355; adding skim milk to, 354; type 
rations containing, 367 
Tavernetti and Hughes, 70, 77 
Teats, blind, 102 

Teeth, needle, removed, 85; showing 
needle, 86 

Temperature drop in pigs, 78 
Terrill, Krider and Sherritt, 97; and 
Krider, Sherritt, Crawford, and Baird, 
190 

Tethering nursing sows, 240 
Thiouracil, 233 

Thomas, Loosi, and Williams, 131 
Thompson, 429, 433, 434, 436 
Thyroprotein. for growing pigs, 234 
Timothy forage vs. clover and alfalfa. 

259 

Tomhave, 55, 345 
Towne and Wentworth, 536 
Trichinae, 587 

Truck, and rail shipments compared. 471. 

number of hogs per, 478 
Tuberculosis, 601 

Type, changes in breeders*, 516; stabiliz- 
ing influences, 517; intermediate, meets 
requirements, 519 
Types of market barrows, 520 

U 

Undulant fexer, a danger, 591 
Upgrading. 566; rate of improvcmcni n. 

567 

Uteri, weight and compo»,uon of. 

V 

VocCinatjon. IW, 597, cr>^xat->.' -ji. 

VaxiSI>ke and P-bJo*. 5S-i 
Variation*. hercJ.iaiy, itl. J-o t j t »■ 
vironmeni. 

Vcol, per wcai-— . 5 

be-:.*. 
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Vestal, 31, 124, 126, -143, 177, 202, 205, 
214, 247, 283, 339, 346, 350, 352, 362, 
371, 437; and Beeson, Andrews, Hutch- 
ings, and Doyle, 46, 59; and Doyle, 
Hutchings, Andrews, and Beeson, 71; 
and Shrewsbury, Jordan, and Milligan, 
365 

Vitamins, necessary for reproduction, 
54; for growing pigs, 173; nutrient 
allowances for swine, 176; content 
of feeds, 176; deficiency symptoms, 
179 

Vitamin A, white com deficient in, 54, 
220; cereal grains deficient in, 57, 
barley deficient in, 57; deficiency 
symptoms, 179; essential in growing 
ration, 220 

Vitamin B complex important, 58 
Vitamin Baa related to pig survival, 59; 
in ration of pregnant gilt, 60; a growth 
promoting factor, 231 
Vitamin D, important in winter feeding, 
58; sunlight a source of, 223; protects 
against rachitis, 223 
Viscera of pig, 149 

W 

Wallows, hog, valuable, 294 
Warren, 316 

Warwick, 117; and VanLone, 104; and 
Cuna and Ensminger, 445 
Water consumption, 66; consumption by 
pigs, 189 

Watering, methods of, 188 
Waters, 192 
Way, 548 

Weaver, 96, 204, 268, 339, 389, 426; and 
Bogart, 12, 123, 371, 533 
Weber, Anderson, and Marston, 434 
Weight, cost with increased marketing, 
454 

Welch, 52. 53 
Wcnck, 121 
Wentworth, 533 


Weybrew, Stewart, Matrone, and Peter- 
son, 103 

Wheat, 423; forage, 258; with and with- 
out supplements, 283; production and 
price' of, 423; compared with corn, 
423; whole vs. ground, 425; soaking, 
' 426; flour by-products, 374; definitions 
of by-products, -374; chemical char- 
acteristics of, by-products, 375; com- 
position of, by-products, 376; rations 
con tainin g, by-products, 379 
Whittier, 325 

Wiggins, Casida, and Grummer, 13 
Wilcox, Carroll, and Homung, 453; and 
Ruwe, 453 
Wilder, 348 

Wiley, 473, 475, 478 ' 

Williams and Warren, 340, 440 
Willman and Morrison, 199, 217, 218, 

236, 360; and Noland, 218 

Wilson, James W., 333; and Wright, 432; 
and Kuhlman, 446 

Wilson, Ramon, and Wiley, 494 • ■ 

Wilson. R. F., Nolbandrov, and Krider, 
13 

Winters, Kiser, Jordan, and Peters, 125, 
568; and Comstock and Dailey,’ 551 * 
Withers and Corruth, 394 
Witz, 382; and Beeson, 161 
Wood, 161; Orr and Crowther, 364 
Woodman and Norman, 236; and Evans, 

237, 447 

Work, Henke, and Harris, 98 
Worms, common round, 586; thorny- 
headed, 586; kidney, 587; most hogs 
have, 90 

Wright, 429, 435, 436 
Y 

Yeast culture feeds, 420 
Yorkshire, 549 
Young and Underdahl, 72 
Z 

Zeller and Ellis, 370 
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Production and feeding qualities of peanut oil meal. From 1939 
to 1948 inclusive the annual production of peanut oil meal used as 
feed in the United States varied from a low of 30,000 tons in 1939 to 
a high of 137,000 tons in 1940. The average was 90,000 tons, a rela- 
tively limited amount when compared with the production of the other 
oil meals. 

Hydraulic-press peanut oil meal is very similar to cottonseed meal 
in composition, but contains no toxic principle. As shown in Table 
133, it contains 43.5 percent of protein, 7.6 percent of fat, with about 
13 percent of fiber. Meal produced by the solvent extraction process, 
which is limited, the protein content is 51.5 percent, the fat 1.4 per- 
cent, and the fiber 5.7 percent. 

Being rich in protein and palatable, this meal should have an im- 
portant place in southern pork production. Like the other protein con- 
centrates of plant origin, however, or of most any other single sup- 
plement for that matter, it is lacking in many of the minerals and vita- 
mins which are necessary to balance completely the home-grown 
grains. The quality of the proteins contained in peanuts is rated fairly 
high. 

Peanut oil meal and fish meal compared. In four separate experi- 
ments Foster and Hosteder of the North Carolina Station com- 
pared peanut oil meal and fish meal when fed as single supplements 
to shelled com and minerals to pigs averaging about 83 pounds at 
the start for a period of 68 to 98 days under dry-lot conditions. The 
corn, supplements, and minerals were self-fed, free-choice. The re- 
sults, averaged for the four trials, ate summarized in Table 136. 

The pigs fed the fish-meal supplement made significantly faster and 
more economical gains. The peanut meal proved unusually palatable, 
however, for it was consumed in the ratio of 1 part to 2.8 parts of 
com, a quantity which was considerably in excess of the amount 
necessary to supply the protein needs. The cost of 100 pounds of gain, 
with peanut meal priced at $42 a ton and the fish meal at $54 a ton, 
was $7.13 for the peanut-meal ration and $6.62 for the ration con- 
taining the fish meal. The principal reason for the faster and more 
economical gains of the pigs receiving the fish meal was, no doubt, 
the fact that the ration was less deficient in the B-compIex and related 
vitamins, especially those represented by the APF factors. 

For the most efficient use of peanut oil meal as a protein concen- 

**FeeJ Siattiiics. U.S.D.A., Bu. Agr. Ec., Statistical Bui. 85, 1949. 

**J. E. Foster and Earl H. Hosteller. Tech. Bui. 56, 1938. 
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Table 136, Peanut Oil Meal versus Fish Meal for Pigs in Dry Lot 
(Average 4 Experiments) 


Rations 

Initial 
Weight 
per Pig 

Daily 
Feed Con- 
sumption 
per Pig 

Daily 
Gain 
per Pig 

Feed Required 
to Produce 

1 Cwt. Gain 


lb. 

lb. 

lb. 

lb. 





Corn 309.4 

Sh. corn, peanut oil 




peanut 

meal, and minerals. 




o.m. 110.8 

seif-fed, free-choice 

83 

5.25 

1.32 

Minerals 4.59 





Total 424.79 

Sh. corn, fish meal, 




Corn 356.5 

and minerals, se.f- 




Fish meal 35.5 

fed, free-choice 

83 

6.45 

1.62 

Minerals 3.04 





Total 395.04 


trate in swine rations, it must be fed with other supplements, prefer- 
ably of animal or fish origin, and along with feeds which supply am- 
ple vitamins, together with provisions for an adequate supply of 
minerals. Supplemental mixtures, such as equal parts of peanut oil 
meal and fish meal; one-third each of peanut oil meal, meat scraps, 
and soybean oil meal; and two parts peanut oil meal, one part tankage, 
and one part cottonseed meal constitute efficient combinations when 
fed in a grain ration containing 10 to 12 percent by weight of high- 
quality alfalfa or other legume meal or green forage, and when fed 
along with a simple or complex mineral mixture as conditions suggest. 

Peanut oil feed or whole pressed peanuts, since it includes the hull, 
contains much more fiber and less protein than peanut oil meal. Its 
feeding value as a protein supplement consequently is of a lower 
order. To supply the same amount of protein, it is necessary to feed 
25 percent more of the feed than of the meal. Making allowance for 
this difference, peanut oil feed may be substituted for peanut oil meal 
in the above mixtures with the expectation of satisfactory results. 

CORN GERM ME^VL; CORN OIL ME.XL 

Definitions. The American Feed Control Officials define corn iterni 
weal as the dried and ground portion of the com germ and other parw 
of the com kernel from which part of the oil has been prevved; it i-> 
the product obtained in the dr>'-milling process of nunufaCiure of corn 
meal, com grits, hominy feed, and other com products. It somerm;cs 
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goes under the name of hominy com germ meai. Corn oil meal is the 
ground product obtained from the corn germ from which part of the 
oil has been pressed in the wet milling process of manufacture of com 
starch, corn syrup, and other corn products. This is sometimes called 
starch corn germ meal. In the wet milling process, a weak water solu- 
tion of sulphurous acid is used to facilitate the separation of the germ 
from the kernel, which sometimes results in imparting an acid taste 
to the meal. 

Corn by-products are not popular. These com by-products have not 
been extensively used as such in pork production. Most of the avail- 
able supply finds its way into rations for dairy cows and into com- 
mercial mixed feeds. As supplements to com, they have definite limita- 
tions, more pronounced than those characteristic of plant protein con- 
centrates generally. It contains less than half as much protein as either 
soybean oil meal or cottonseed meal, and less than two-thirds as much 
as linseed meal. Since the proteins contained in these com by-products 
cannot be expected to supplement in any way the amino-acid defi- 
ciencies of corn, the quality of the protein contained in a corn-corn 
oil-meal ration is of extremely low biological value. The calcium de- 
ficiency is more pronounced than in any of the other mill by-products, 
and their supply of vitamins is as inadequate. 

Some experimental studies. Skinner and Starr of the Indiana Sta- 
tion studied methods of feeding com germ meals to well-grown 
pigs in the dry lot. They found that so-called starch com germ meal 
(com oil meal) was unpalatable and that it could not be used profit- 
ably either as a substitute for, or as a sole supplement to, com. Starch 
com germ meal and tankage produced less than half the gains made by 
pigs receiving corn and tankage. When fed as a supplement to com, 
with charcoal and salt, in the ratio of 1 part starch corn germ meal 
to 3 to 7 parts corn, fair results were obtained. Compared with the 
results from the lot fed com and tankage, however, they were not so 
profitable. When fed as a substitute for a part of the tankage in a corn- 
tankage ration, both kinds of germ meal gave fairly good results. A 
supplement of 1 part starch corn germ meal and 1 part tankage, or 
one of 3 parts of hominy corn germ meal and 1 part tankage, fed with 
com, gave as rapid and as economical gains as were obtained with 
corn and tankage. 

Robison of the Ohio Station secured a gain of 1.25 pounds daily 


” J. II. stinner and C. G. Starr, DuL 219, 1918. 
r* W. L. Kobtroa, Bui. 149, 1921. 
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with pigs fed a ration of 3 parts com and 1 part com germ meal on 
rape forage. The results were not quite as satisfactory, however, as 
those obtained with a ration of 8 parts com and 1 part linseed oil 
meal, or of 7 parts com and 1 part soybeans. In a dry-lot e.xpcrimcnt 
a ration of 2 or 3 parts com meal and 1 part com germ meal, with 
minerals, did not give as good results as other com rations balanced 
with linseed oil meal, peanut meal, fish meal, or tankage fed under 
the same conditions. Evvard and Culbertson of the Iowa Station 
self-fed a combination of PA parts com germ meal and 1 part tankage 
in comparison with tankage alone, self-fed, with corn to growing and 
fattening pigs on rape forage. The pigs which received the nii.sed sup- 
plement gained nearly as rapidly as those fed tankage. To produce a 
unit of gain, however, the germ meal had a value but little more th.m 
one-half that of the tankage fed as the sole supplement. 

COCOANUT OR COPRA OIL .MEAL 
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a unit o£ gain. It was calculated that the meal had a value 15 percent 
greater than that of corn. 

In further trials he determined that cocoanut meal had a much 
higher value when fed at a level of 25 percent of the ration than when 
fed in larger amounts; also, that its value was much higher when re- 
placing part of both the com and protein concentrate than when 
replacing all the com or all of the protein concentrate. 

CORN GLUTEN MEAL; CORN GLUTEN PEED 

Com gluten feed is the principal by-product produced in the manu- 
facture of com starch and represents those parts of the com kernel 
which are left after most of the starch and germ has been removed. It 
contains most of the gluten and bran with adhering starch particles. 
Usually the so-called com solubles, and sometimes the corn oil meal, 
are added. Com gluten meal is equivalent to com gluten feed without 
the bran. It is consequently a more concentrated product and is better 
adapted to the pig’s capacity than the more bulky gluten feed. 

Composition of com by-products. Corn gluten feed has an average 
analysis of 25.5 percent of protein, 48.8 percent of nitrogen-free ex- 
tract, 7.6 percent of fiber, and 2.7 percent of fat. Corn gluten meal 
has 43.1 percent of protein, 39.8 percent of nitrogen-free extract, 4 
percent of fiber, and 2 percent of fat.“ Both are seriously deficient in 
calcium and common salt and, like the other protein feeds of plant 
origin, are lacking in most of the critical vitamins. The protein quality 
of these feeds when fed in a com ration is, of course, inferior. 

Experimental feeding results. Although sufficiently rich in protein 
to indicate some value as a supplement to com or other grains, these 
by-products have not proved successful in practice. Evvard and Dunn 
of the Iowa Station did not get satisfactory results when gluten feed, 
cither as a substitute for, or a supplement to, corn was fed to growing 
and fattening pigs on rape pasture. They were decidedly inferior to a 
ration of corn and tankage; in fact, the ration of corn and gluten feed 
did not produce as rapid nor as economical gains as did com alone. 
Evvard also tried to substitute gluten feed for part of the tankage 
in a com-tankage ration for growing and fattening pigs in the dry lot. 
In no instance did the gluten feed prove to be a profitable addition. In 

*"F. B. Morrison, Feeds and Feedins, 21st c4.. Tabic I, Appcnilix, 1948. 

*"J. M. EvvarJ and R. Donir. Mimeo. Hpl., 1917. 

“J. M. ENvard, Lcallct 18, 1926. 
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still another test at the Iowa Station, Culbertson and associates 
found that the substitution of gluten feed for one-half a supplemental 
mixture composed of 70 percent tankage, 25 percent linseed oil meal, 
and 5 percent alfalfa meal for pigs fed to market weight in the dry lot 
was not an economical procedure. Similar studies made b) Ashby of 
the Minnesota Station gave very much the same results. 

Aubel and Alexander of the Nebraska Station secured fatrlv satis- 
factory results with a ration of corn and gluten meal when fed to gross - 
ing and fattening pigs on alfalfa pasture, but the gains sverc not so 
rapid as on corn and tankage. When a ration of corn, gluten meal, .ind 
alfalfa hay was compared with one of com, tankage, and alfalf.i h.i> , 
the pigs which received the gluten meal did not gain half as List .is 
those fed tankage. 

VC. C. Culbertson, J. M. Evvartl, W. E. tlammonJ, and C F. Bj-s'CIt. Lculltl Is 
1926. 

V C. E. Aubel anti M. A. Alexander. Mimco. Rpt.. 1929. 
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The Cereal Grains and Other 
Carbonaceous Feeds 


The large pork-producing capacity of the United States is made 
possible through the production of cereal grains greatly in excess of 
the needs of the human population for food. Of the cereal grains fed 
to all classes of livestock from 1930 to 1944 inclusive, 33 percent 
was consumed by hogs,^ Jennings - estimated that of all feeds fed to 
hogs from 1940 to 1947, inclusive, com constituted approximately 
73 percent of the total, oats 8 percent, other grains (barley, wheat, 
rye) 11 percent, commercial by-products 5 percent, and seeds (soy- 
beans, peanuts, etc.) and skim milk (dry basis) 3 percent. 


PRODUCTION AND PRICES OF THE CEREAL GRAINS 


As shown in Fig. 55 the production of com greatly exceeds that of 
the other cereals. Since 85 to 90 percent of this com is available for 
feeding, whereas only 10 to 15 percent of the wheat and 25 to 30 per- 
cent of the rye normally is so available, the dominating position of the 
com crop in relation to pork production is emphasized. Com produc- 
tion during the 10-ycar period, 1940 to 1949, exceeded by 29 percent 
the production during the previous decade, 1930 to 1939, incidentally 
the result of increased yields rather than because of an increase in 
acreage. Five times during the latter period the annual production has 
exceeded three billion bushels.^ 

The average annual farm prices per bushel for the 10-year period 
1939 to 1948 arc shown in Fig. 56- The price changes from year to 
year of the different grains parallel one another rather closely and 


»C. W. Cricicman, Feed Grains and Meat Animah. U.S.D.A., Bu. Agr. Ec., F. .M. 

jcnnin&s, Rclalion lleuseen Feed, Livestock, and Food at the National 

Xcvrf.'V3.S.T>.A..a^l. , n , «< ,a,o 

*Fecd Statistics. U.S.DA., Du. Agr. Ec., StaiisUcal Bui. 85. 1949. 
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Fig* 55. Average annual tonnage production of principal cereal grains in 
United States, 1940 to 1949, inclusive. 


coincide with the general level of farm commodity prices. Although 
total production increased somewhat during the period, consumption 
requirements, as a result of the war, increased at a much greater rate. 
Following the war, the general economic conditions, together with the 
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Government’s price-support program, were responsible for price in- 
flation during the postwar period, and a high general price level was 
the result. 

The average monthly farm prices of these grains per hundredweight 
from 1939 to 1948 inclusive are shown in Fig. 57. The prices received 
by farmers for all the grains dropped from January to February^ fol- 
lowing which they tended to advance until the beginning of the harvest 
season for the respective crops, after which a tendency to decline for 
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Fig. 57. Average monthly farm prices of the common cereal grains in the 
Vniied States, 1939 to 1948, ineJusive (Feed Statistics, U.S.D.A., Bu. Agr, Ec., 
Statistical Bui. 85, 1949J. 


a time is apparent. The price of com varied from month to month 
more widely than that of any of the other grains. The seasonal or 
prospective seasonal demand on the available or prospective seasonal 
supply normally may be expected to determine the price at any given 
time. 

Composition of the cereal grains. The deficiencies of corn and the 
other cereal grains in meeting the nutritional requirements of the pig 
have been discussed in some detail in Chapters VII and VIII. Some 
but not all of these deficiencies are revealed by the usual chemical 
analysis, as shown in Table 137. 

These grains are all characterized by a very high carbohydrate con- 
tent, a rather low supply of protein, and a marked deficiency of the 
important mineral element calcium. They also are deficient in most of 
the other minerals, especially of common salt. The protein quality 
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Tabic 137. Conipositioa of the cereal Grains’ 


Grains 

Dry 

Matter 

Crude 

Protein 

N-free 

Extract 

Fiber 

Fat 

Calcium 

Phos- 

phorus 


% 

% 

% 

% 

% 

% 

% 

Corn 

85 

8-6 

69.3 

2.0 

3.9 

0.02 

0.27 

Wheat 

89.5 

13.2 

69.9 

2.6 

1.9 

0.04 

0.39 

Oats 

90.2 

12.0 

58.6 

11.0 

4.6 

0.09 

0.34 

Oat kernel 

90.0 

15.4 

65.7 

2.6 

4.2 



Barley 

89.4 

12.7 

66.6 

5.4 

1.9 

0.06 

0.37 

Rye 

89.5 

12.6 

70.9 

2.4 

1.7 

0.10 

0.33 

Emmer 

91.1 

12.1 

63.6 

9.8 

1.9 


0.33 

Kafir 

89.8 

10.9 

72.7 

1.7 

2.9 

0.02 

0.31 

Milo 

89.4 

11.3 

71.3 

2.2 

2.9 

0.03 

0.30 


generally is only fair and concerns, especially in tfie case of com, the 
supply of the amino acids lysine and tryptophane. The grains as a 
whole are lacking in vitamins A and D, with the exception that yellow 
corn contains considerable vitamin A value, but are good sources of 
thiamine or vitamin Bl. The supply of most of the vitamins belonging 
to the B2-compIex is consideVably below the amount necessary to 
meet the nutritional needs of the pig, and there appears to be a total 
lack of those vitamins that have been associated with the animal pro- 
tein factor. 

These observations emphasize the fact that in order to function effi- 
ciently in swine rations these carbonaceous grains must be adequately 
supplemented by the addition of sources of these necessary missing 
ingredients. 

CORN 

In the following sections of this chapter the cereal grains and other 
carbonaceous feeds arc discussed and the results of experimental feed 
ing trials summarized in which they have been fed as substitutes or 
corn or in comparison with it. Since the feeding of com to all 
of hogs has already been considered in the previous chapters and ts the 
standard with which the other grains are compared in this chapter, 
there remains to consider here only the questions of grinding. soai.mg. 
etc. 

Grinding corn for wcll-gronn fallciUng pigs. Early experiments at 
the Iowa - and Indiana Stations showed that, for well-groAn fatien- 


•F. B- Morriion, Feeds unJ FteJu*s. *’ ^ 

• W. J. Kennedy and E. T. Kobbini. 0-1. ICh?. 

• F. G. Kini. Am. Soc. An. 



